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NOTE  TO  THE  FOURTH  EDITION. 


This  Edition  has  been  brought  up  to  date  by  the  late  Mr.  Bryan 
Donkin's  Secretary,  who  desires  to  take  this  opportunity  of  grate- 
fully acknowledging  the  invaluable  assistance  rendered  by  scientific 
friends,  both  in  England  and  abroad.  Special  thanks  are  due  to 
Professors  Hudson  Beare,  Meyer,  Capper,  Hutton  (of  Columbia 
University),  and  Boulvin  ;  to  Messrs.  Dugald  Clerk,  Bellamy,  Cecil 
Cochrane,  Diesel,  the  Secretary  of  the  Institution  of  Mechanical 
Engineers,  and  others;  and  also  to  various  English  and  foreign 
engineering  firms,  for  valuable  information  courteously  afibrded. 

The  chief  changes  to  note  since  the  publication  of  the  Third 
Edition  are,  firstly,  the  increase  in  size  and  efficiency  of  internal 
combustion  engines.  Motors  driven  with  cheap  power  and  blast- 
furnace gases  are  now  built  up  to  2,000  to  4,000  H.P.,  and  among 
the  pioneers  in  this  movement  are  the  Cockerill  firm  at  Seraing, 
in  whose  hands  a  French  engine,  the  Simplex,  has  become  one  of 
the  leading  types.  The  utilisation  of  blast-furnace  gases  has  been 
rapidly  developed  on  the  Continent.  For  the  large  powers  now 
required,  double-acting  engines  have  come  much  to  the  front,  and 
the  great  heat  developed  is  carried  off  by  an  efficient  system  of 
water  cooling.  Special  attention  has  been  given  to  the  internal 
working  of  gas  and  oil  engines,  and  compression  pressures  ranging 
from  160  to-  850  lbs.  per  square  inch  have  been  realized,  with  a 
corresponding  increase  in  the  heat  efficiency.  The  regulation  of 
the  speed  has  been  carefully  studied,  and  large  gas  engines  are 
now  governed  with  as  much  precision  as  the  best  steam  engines, 
the  "hit-and-miss"  principle  being  no  longer  applied  to  any  but 
small  motors.      In   oil   engines  it  is  still  usual.      The  problems 
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connected  with  the  utilisation  of  the  heat  supplied  have  been 
elucidated,  to  which  the  analysis  of  the  exhaust  gases,  which  forms 
a  part  of  all  good  tests,  has  much  contributed. 

The  Tables  of  Trials  have  been  brought  up  to  date,  and  several 
interesting  additions  will  be  found  in  them. 

November,  1906. 


PREFACE  TO  THE  FIRST  EDITION. 


The  subject  of  Internal  Combustion  Motors,  or  engines  for 
obtaining  power  without  a  boiler,  is  one  of  great  and  increasing 
importauce,  and  it  was,  therefore,  with  pleasure  that  I  undertook 
the  following  work  at  the  request  of  the  publishers. 

It  is  divided  into  three  parts,  treating  respectively  of  Gas, 
Air,  and  Oil  Engines.  Part  I.,  Gas  Engines,  is  divided  into  two 
sections,  the  first  dealing  with  the  early  history  of  these  motors, 
and  the  second  with  modern  gas  engines.  In  this  latter  part  par- 
ticularly I  am  much  indebted  to  numerous  recognised  authorities 
on  the  subject,  especially  to  the  excellent  works  of  Professors 
Sch<5ttler  and  Witz,  Mr.  Dugald  Clerk,  Professora  Jenkin  and 
Robinson,  M.  Chauveau.  and  others.  Information  has  also  been 
obtained  from  the  Proceedings  of  the  Institution  of  Civil  Engineers, 
Proceedings  of  the  InstUution  of  Mechanical  Engineers,  Oomptes 
Bendus  de  la  SocUti  des  Inginieurs  Oivils,  Zeitschrift  des  Vereines 
detUscher  Inginieure,  The  Engineer,  Engineering^  and  various 
other  scientific  and  technical  periodicals.  A  list  is  given  of  the 
literature  of  the  subject,  both  English  and  foreign,  which,  it  is 
hoped,  will  be  found  fairly  complete. 

The  Theory  of  the  Gas  Engine  is  briefly  discussed,  and  here 
I  have  had  the  advantage  of  the  remarks  and  valuable  criticism 
of  Professor  Capper,  of  King's  College,  London,  who  also  kindly 
made  for  publication  in  this  work  a  new  test  upon  the  experi- 
mental Otto-Crossley  gas  engine  in  the  Engineering  Laboratory  of 
King's  College — a  test  which  is,  perhaps,  as  complete  as  any  that 
have  been  published.  The  chapter  on  the  "  Chemical  Composition 
of  Gas" — ^an  important  part  of  the  subject — has  been  entrusted 
to  Mr.  G.  N.  Huntly,  AR.C.S.  of  the  State  Medicine  Laboratory, 
King's  College,  who  is  responsible  for  this  chapter  only. 

Care  has  been  taken  to  consult  the  best  authorities  in  England 
and  on  the  Continent  who  have  written  on  the  theory  and  practice 
of  gas  engines,  and  to  bring  the  matter  up  to  date.     I  have  much 
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pleasure  in  acknowledging  my  special  obligations  under  this  head 
to  M.  Delamare-Deboutteville  of  Rouen,  and  Professor  Schroter 
of  Munich,  for  their  kind  assistance.  To  Professor  Kennedy, 
F.B.S.,  also,  who  has  made  many  exhaustive  and  reliable  tests  on 
English  gas  engines,  my  acknowledgments  are  due.  Not  much 
original  work  appears  to  have  been  done  in  the  United  States,  but 
the  subject  has  been  thoroughly  studied  in  France  and  Germany. 

An  Appendix  is  added,  containing  information  which  it  was 
not  found  possible  to  incorporate  in  the  text.  One  of  them  gives 
an  abstract  of  the  valuable  experiments  recently  made  by  Dr. 
Slaby  of  Berlin,  and  published  after  the  main  portion  of  this  work 
was  complete. 

In  conclusion,  there  only  remains  for  me  to  emphasize  the  fact 
of  the  constantly  increasing  use  of  these  motors  in  all  countries 
for  industrial  purposes.  Undoubtedly,  there  is  a  great  future 
before  them.  There  still  exists,  however,  a  large  field  for  economy. 
In  both  Oil  and  Gas  Engines,  about  40  per  cent,  of  all  the  heat 
received  now  goes  off  in  the  exhaust  gases,  and  about  35  per  cent, 
in  the  jacket  water.  The  better  the  economic  results  obtained, 
the  greater  will  be  the  demand  for  these  convenient  motors.  At 
present  their  chief  recommendation  is  the  absence  of  a  boiler, 
which  is  of  great  advantage,  especially  for  small  powers.  Even 
with  the  very  high  temperatures  in  the  cylinders  there  is  also 
little  or  no  difficulty  with  lubrication.  They  are  yearly  increasing 
in  size  and  power,  and  will  certainly  before  long,  as  more  know- 
ledge and  experience  are  brought  to  bear  on  their  construction, 
enter  into  formidable  competition  with  the  best  steam  engines. 
They  may  even  constitute  the  principal  heat  motors  of  the  future. 

A  list  has  been  added  of  the  chief  tests  on  Gas,  Oil,  and  Air 
Engines  that  have  been  published  up  to  date. 

BRYAN  DONKIN. 

Loi^DON,  November,  189S. 
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DEVELOPMENT  OP  THE  MODERN   GAS  ENGINE. 

APPROXIMATE  DATES. 


First  horizontal  Lenoir  Frenoh  engine,  water  jacketted,  with  slide  valve 
(40  cubic  feet  of  gas  per  I.H.P.  hour).     Electric  ignition, 

Hugon  gas  engine.    First  with  ignition  slide  valve,      .... 

Otto  k  Langen's  atmospheric  engine,      ...... 

Practically  very  few  English  makers  of  gas  engines,  perhaps  one  or  two, 

Bisschop  engine,  made  by  Andrews,       .  .  .  ' . 

Robson,  compression  on  one  side  of  piston,  and  ignition  on  the  other. 

First  Clerk  engine  with  air  pump  and  compression,       .  .  .  . 

First  horizontal  Otto  engine,  Crossley  (25  cubic  feet  gas  per  I.H.P.  hour),     . 

Robson,  first  starter  of  compressed  gas  in  a  reservoir,  .  .  .  . 

Firms  making  gas  engines  in  England — Simon,  Andrews,  Tangye,  Robson, 
and  others,    .  .  • 

Dowson  first  gas  producer. 

Heat  efficiency  of  the  best  engines,  10  to  15  per  cent., . 

First  porcelain  tube  ignition,  Watson, 

Best  heat  efficiency  of  Otto  engine  (5 
indicated  work), 

First  Otto-Croesley  without  slide. 

Society  of  Arts'  trials— Otto-Crossley 

(taking  B.H. P.), 
First  Daimler  gas  engine. 

First  timing  valve,  Otto-Crossley  engine  over  100  B.H.P., 
Expiration  of  Otto  patent  in  England, 
Maximum  power,  200   to   300   I.H.P 

Germany, 


Year 

1861 
1863 
1866 
1870 
1872 
1877 
1877 
1879 
1879 

1880 

1878.1880 

.       1882 

.       1881 


to  15  I.H.P.),  15  per  cent,  (taking 


engine,  22  per  cent,  heat  efficiency 


1887 
1888 

1888 

1889 

1889 

•  •  .  .  .        loVU 

engines  in  England,  France,   and 

18901894 


Approximate  number  of  firms  making  gas  engines — England  30,  Germany  30,  "^ 

France  20,  Switzerland  5,     . 
Power  gas,  f  lb.  to  1  lb.,  good  anthracite  coal  per  B.H.P.,  50  to  200  H.P., 
Heat  efficiency,  16  per  cent,  to  25  per  cent,  in  best  engines  (taking  B.H.P.), 
Maximum  initial  pressure  in  cylinder  about  200  lbs.,   .  . 

Largest  engines  made  about  300  to  400  I.H.P. , 
First  application  of  blast-furnace  gases,  .... 

Largest  gas  engine  made,  1,500  I.H.P., . 

Heat  efficiency  of  the  best  engines  per  B.H.P.,  25  per  cent.  (23  B.H.P.), 
Number  of  firms  making  gas  engines — about  50  in  Great  Britain, 
Mean  pressure  in  latest  engines  about  110  lbs.  per  square  inch, 
Largest  gas  engine  made,  4,000  H. P.,    ..... 
Heat  efficiency  of  the  best  engines  per  B.H.P.,  29}  per  cent.  (65  B.H.P.), 


1895 


1899 


1905 


XVlll 


DEVELOPMENT  OF  THE  MODERN   OIL  ENGINE. 


APPROXIMATE  DATES. 


First  oil  engine  exhibited  at  the  Royal  Agricultural  Society's  Show  at  New 
castle  (SpiePs  petroleum  engine)  by  Shirlaw  &  Co.,  Nottingham, . 

Messrs.  Priestman  first  exhibited  a  4  Ii.P.  petroleum  engine  at  the 
Nottingham  Meeting  of  the  Royal  Agricultural  Society,  using  ordinary 
lamp  oil,         ........ 

One  or  two  makers  in  England,  ...... 

A  6  Ii.P.  portable  oil  engine  exhibited  at  the  Windsor  Meeting  of  the  Royal 
Agricultural  Society  by  Messrs.  Priestman, 

Royal  Agricultural  Society,  Plymouth  Meeting.      Light  portable  motors 
Prize  awarded  to  Messrs.  Priestman  for  4}  H.  P.  portable. 

Royal  Agricultural  Society,  Cambridge   Meeting.      Fixed  engines,  4  to  8 
B.H.P.,  11  exhibited.     Portable  engines,  9  to  16  KH.P.,  6  exhibited 
Prizes  awarded  to  Messrs.  Homsby  and  Messrs.  Crossley, 

Approximate  number  of  firms  making  oil  engines — Germany  30,  England  20, 
France  10,  Switzerland  5,     . 

Heat  efficiency  in  the  best  engines,  taking  B.H.P.  10  per  cent,  to  20  per  cent. 

Largest  engines  made  about  60  I. H. P.,  .  .... 

First  Diesel  oil  engine  about       ...... 

Number  of  firms  making  oil  engines — about  30  in  Great  Britain, 
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PART  I.— GAS  ENGINES. 


CHAPTER    I. 


GENERAL  DESCRIPTION  OF  THE  ACTION  AND  PARTS  OF  A 

GAS  ENGINE. 

CJ0NTBNT8. — Introduction — Advantages  of  a  Gas  Engine — Waste  of  Heat — Source 
of  Power — Utilisation  of  Motive  Force — Parts  of  a  Gas  Engine — Transmission 
of  Energy — Admission  of  Gas  and  Air — Ignition — Explosion  and  Expansion— 
Exhaust — Compression — Oiling — Regulation  of  Speed. 

The  principles  governing  the  construction  and  action  of  a  gas  motor 
are  almost  the  same  as  those  of  a  steam  engine.  In  both  the  object 
is  to  obtain  useful  work  from  heat.  This  is  effected  by  raising  water 
or  gas  to  a  certain  temperature,  producing  in  the  one  case  steam,  in 
the  other  flame,  and,  with  the  pressures  resulting  from  the  increase 
of  heat  in  the  steam  or  flame,  driving  forward  a  piston  connected 
to  a  shaft.  The  science  of  thermo-dynamics  proves  that  there  exists 
a  strict  ratio  between  the  heat  evolved  and  the  work  performed.  The 
laws  governing  the  production  of  this  heat  energy  are  always  the  same, 
whatever  the  medium  or  agent  of  motive  force. 

In  mechanical  motors  there  are  three  points  to  be  considered : — 
Ist.  The  cause  of  motion,  varying  according  to  the  type  of  motor.  In 
thermal  engines  it  is  heat  obtained  from  the  combustion  of  coal  in  a 
boiler  or  air  furnace,  or  by  the  explosion  of  inflammable  gases.  2nd. 
The  effect  produced,  or  the  energy  into  which  the  heat  is  transformed ; 
this  usually  takes  the  form  of  pressure  upon  a  piston  working  on  to 
a  crank.  So  far,  all  heat  motors  are  alike.  3rd.  The  particular 
mechanism,  differing  in  each  kind  of  motor,  by  which  this  translation 
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of  heat  into  work  is  utilised.  The  difference  between  steam  and  other 
kinds  of  motors,  such  as  gas,  air,  petroleum,  &c.,  lies  in  the  means 
employed  to  generate  the  heat,  and  turn  it  into  work. 

A  steam  motor  consists  of  three  indispensable  parts,  the  furnace, 
the  boiler,  and  the  cylinder  containing  the  motor  piston.  These  may 
be  in  close  proximity  to  each  other,  but  there  is  usually  a  separate 
building  for  the  boiler,  &c.  The  process  of  starting  a  steam  engine  is 
relatively  slow  and  laborious.  The  fire  must  be  kindled  and  com- 
bustion obtained  ki  the  furnace,  and  the  water  in  the  boiler  brought 
to  boiling  point  and  evaporated  into  steam.  The  temperature  must 
then  be  raised  until  the  pressure  of  the  steam,  produced  by  the  increase 
of  temperature,  is  sufficient  to  propel  the  motor  piston. 

Advantages  of  a  G-as  Engine. — In  a  gas  engine  these  operations 
\>are  much  simpler,  because  it  is  so  constructed  that,  for  the  work  it  has 
to  perform,  it  is  complete  in  itself,  containing  on  one  foundation  the 
equivalent  of  furnace,  boiler,  and  cylinder.  It  is  in  the  cylinder  that 
the  production  and  utilisation  of  the  heat  take  place,  and  the  entire 
cycle,  or  series  of  operations,  is  completely  carried  out.  Highly  in- 
flammable gases  and  air  are  first  admitted  into  the  cylinder.  They 
are,  at  a  given  moment,  exploded  by  the  application  of  heat  or  flame ; 
the  pressure  and  the  temperature  are  at  once  considerably  raised,  and 
the  piston  is  dnven  forward.  In  a  steam  engine  the  working  agent 
is  produced  separately  and  continuously,  but  in  a  gas  motor  the  explosive 
charge,  which  acts  as  the  medium  of  heat,  must  be  formed  afresh  at 
each  stroke  of  the  piston.  With  gas  there  is  very  little  difficulty  in 
obtaining  an  explosion,  and  a  corresponding  backward  and  forward 
stroke,  as  many  times  in  a  minute  as  is  required.  As  combustion  takes 
place  in  the  cylinder  itself,  pressures  and  temperatures  much  greater 
than  those  developed  in  steam  engines  are  easily  and  quickly  produced. 
Gas  motors  are  called  "internal  combustion"  engines,  and  the  same 
name  is  used  for  all  motors  in  which  the  heat  is  generated  inside, 
instead  of  outside,  the  cylinder. 

This  brief  outline  of  the  working  of  a  gas  motor  shows  the  advan- 
tages it  possesses  in  pra,ctice  over  the  steam  engine — namely,  compactness 
and  facility  in  starting.  Theoretically,  it  is  also  superior,  because  higher 
initial  temperatures  are  available,  to  act  upon  the  piston.  But  in  all 
heat  motors  hitherto  made,  there  are  defects  which  the  skill  of  the 
best  constructors  has  not  yet  been  able  to  overcome — namely,  waste  of 
the  greater  part  of  the  heat  generated,  and  consequent  loss  of  pressure, 
or  of  useful  work  done  upon  the  piston. 

Considering,  first,  the  practical  advantages  of  the  gas  engine,  as 
far  as  compactness  is  concerned,  it  leaves  little  to  be  desired.  The 
space  it  occupies  is  small,  a  few  square  feet  being  sufficient,  instead  of 
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the  separate  boiler  and  chimney  necessary  ivith  a  steam  engine.''*'  A 
gas  motor  can  be  fixed  almost  anywhere,  but  it  should  stand  on  a  solid 
foundation,  to  counteract  the  vibrations  caused  by  the  repeated  ex-| 
plosions.  To  place  it  in  proper  working  condition,  all  that  is  required  is 
a  gas  supply  pipe  and  a  water  tank  with  pipes  for  cooling  the  cylinder. 
The  high  temperatures  produced  by  the  explosion  of  the  gases  necessitate 
the  use  of  a  jacket  round  the  cylinder,  through  which  water  circulating 
automatically  from  a  tank  passes  continuously,  to  keep  it  cool  ;  this 
jacket  water  is  used  over  and  over  again.  These  pipes,  with  a  third  com- 
municating with  the  outer  air,  and  providing  an  outlet  for  the  burnt 
gases,  constitute  all  the  necessary  working  connections. 

A  gas  engine  thus  easily  fixed,  can  also  be  set  in  motion  and  started 
in  a  few  minutes.  If  a  gas  jet  or  hot  ignition  tube  is  used  to  fire  the 
charge,  the  gas  is  previously  lighted;  where  combustion  is  obtained 
electrically,  the  generation  of  the  sparks  is  produced  before  the  engine 
is  started.  A  few  turns  by  hand  or  other  means  are  given  to  the  fly- 
wheel, while  the  exhaust  is  kept  open,  and  the  engine  is  then  fairly  at 
work.  To  stop  it,  nothing  is  needed  but  to  turn  off  the  supply  of  gas. 
For  small  manufactures  the  convenience  of  having  a  motive  power  at 
hand,  easy  to  start  or  stop  in  a  few  moments,  is  so  great,  that  small  gas 
motors  are  rapidly  superseding,  not  only  steam,  but  manual  labour.  It 
cannot  be  denied  that  they  are  rather  more  costly  than  steam,  but  of 
late  years  their  consumption  of  gas  per  H.P.  has  been  much  reduced. 
In  proportion  as  the  quantity  of  gas  required  to  drive  them  is 
diminished,  and  the  economy  obtained  is  greater,  the  more  popular 
and  cheaper  will  they  become.  Practically,  there  is  less  danger  of  fire 
than  with  steam  boilers,  and  thousands  of  gas  engines  are  now  used 
in  places  where  steam  could  never  be  employed. 

It  is  in  the  smaller  gas  engines  that  these  practical  advantages  are 
chiefly  felt,  but  the  theoretical  superiority  of  these  motors,  obtained  by 
the  high  temperatures  at  which  they  can  be  worked,  applies  equally  to 
engines  of  all  sizes.  But  as  soon  as  large  powers  are  required,  and  the 
gas  engine  enters  into  active  competition  with  steam,  it  becomes  of  far 
greater  importance  to  economise  the  consumption  of  gas.  The  tempera- 
tures and  pressures  obtained  by  the  inflammation  and  explosion  of  gas 
in  a  cylinder  are  so  high,  that  engineers  have  not  yet  succeeded  in  utilis- 
ing them  to  their  full  extent.  Hence,  there  is  much  waste  of  heat  and 
x^onsequent  loss  of  pressure,  and  these  defects  in  the  working  of  a  gas 
engine  affect  injuriously  the  expenditure  of  gas.  If  heat  be  wasted,  more 
must  be  supplied,  and  more  gas  must  be  used  to  produce  it. 

Waste  of  Heat. — In  a  steam  engine  the  main  object  should  be  to 

*  This  applies  only  to  smaller  motors,  and  not  to  gas  engines  of  1,000  H.P. 
and  upwards,  now  constructed  by  several  makers  (1004). 
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keep  the  cylinder  walls  as  hot  as  possible,  to  prevent  the  condensatioa 
of  the  steam.  The  difficulty  of  generating  steam,  and  maintaining  its 
^  temperature  and  pressure,  is  increased,  because  there  is  a  change  of  physi- 
cal state  from  a  liquid  to  steam.  With  a  gas  engine  the  reverse  process 
is  necessary,  and  the  cylinder  walls  must  be  cooled.  The  gas  is  dry,  and 
the  heat  developed  by  the  explosion  taking  place  in  the  cylinder  acts 
directly  on  the  piston.  A  considerable  amount  of  steam  is  condensed  in 
the  pipes  of  a  steam  engine,  whereas  in  a  gas  motor  there  is  no  similar 
waste,  because  all  the  heat  is  generated  in  the  cylinder  itself.  Neverthe- 
less heat  is  lost,  but  in  a  different  way.  The  temperature  of  the  gas 
at  the  moment  of  explosion  is  relatively  high.  It  is  generally  about 
2,730*  F.  (1,500°  C.) ;  but  this  is  not  the  highest  temperature  reached. 
Whatever  the  actual  temperature,  the  heat  is  always  too  great  to  be 
retained ;  a  large  portion  is  sacrificed,  to  prevent  injury  and  destruction 
to  the  parts,  and  heat  is  also  carried  off  continuously  by  the  cooling  water 
round  the  cylinder.  In  the  early  double-acting  engines,  not  more  than 
4  to  6  per  cent,  of  the  total  heat  received  was  employed  in  doing  work, 
and  more  than  half  was  wasted,  that  the  walls  might  be  kept  cool.  If  to 
this  be  added  the  heat  escaping  from  the  cylinder  in  the  exhaust  gases, 
or  the  products  of  combustion,  it  is  not  difficult  to  understand  how, 
formerly,  from  94  to  96  per  cent,  of  the  heat  was  dissipated. 

It  is  this  waste  of  heat  in  a  gas  motor  that  causes  the  loss  of  pressure, 
or  diminution  in  the  work  done  on  the  piston.  With  all  gases  the  pres- 
sure increases  with  the  rise  in  temperature,  and  therefore  the  higher  the 
temperature,  the  greater  will  be  the  pressure  produced,  or  the  expansion 
of  the  gases.  If  this  pressure  be  expended  in  doing  work,  and  acting  on 
the  piston,  the  whole  may,  if  expansion  be  continued  long  enough,  be 
utilised  in  useful  work.  But  to  obtain  this  result  with  the  pressures 
generated  in  a  gas  engine,  the  cylinder  and  piston  must  be  of  a  certain 
length,  and  the  piston  allowed  to  move  out  as  long  as  there  is  any 
expansive  force  left  in  the  gas,  to  act  upon  it.  As  this  is  practically 
impossible,  the  other  plan  is  to  diminish  the  quantity  of  gas  admitted 
into  the  cylinder.  Before  compression  was  employed,  it  was  not  easy  to 
proportion  the  supply  of  gas  and  air  to  the  expansion,  but  now  that  high 
compression  is  always  used  in  all  modern  engines,  no  difficulties  in  this 
respect  are  experienced. 

When  the  theory  of  the  gas  engine  began  to  be  really  understood, 
the  principal  problem  was,  how  to  obtain  sufficient  expansion  from  the 
exploded  gases.  The  test  of  efficiency  in  any  heat  engine  is  the  propor- 
tion between  the  total  heat  supplied  and  the  total  useful  work  obtained. 
As  far  as  work  is  concerned,  all  the  heat  which  is  not  employed  in  pro- 
ducing it  is  wasted.  Thus  to  be  really  efficient,  a  gas  engine  ought  to 
furnish  a  maximum  amount  of  useful  work  with  a  minimum  consumption 
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of  gas.  This  is  only  possible  if  the  expansion  of  the  gases  is  rapid  and 
prolonged.  The  greater  the  time  allowed  them  to  act  upon  the  piston, 
and  the  further  they  drive  it,  the  more  heat  energy  will  be  expended 
in  work,  and  the  less  will  be  discharged  as  waste  into  the  atmosphere. 
Expansion  should  also  be  rapid,  because  the  more  quickly  the  piston  un- 
<x)ver8  successive  portions  of  the  cylinder  walls,  the  less  time  there  will  be 
for  useful  heat  to  be  carried  off  from  the  hot  gases  to  the  cooler  walls. 
This  important  question  of  expansion  will  be  more  fully  examined  when 
considering  the  theory  and  utilisation  of  heat  in  a  gas  engine. 

The  study  of  a  gas  engine  falls  naturally  into  two  divisions  : — 

I.  The  source  of  power,  or  motive  force. 
II.  Its  mechanical  utilisation. 

I.  Souroe  of  Power. — In  all  heat  engines  the  source  of  power  is 

heat,  and  gas  is  the  medium  or  agent  through  which  it  acts  in  a  gas 

motor.    The  gas  is  ignited,  and  the  explosive  force  thus  generated  is  used 

to  drive  forward  a  piston.     Many  different  kinds  of  gas,  varying  in 

heating  value,  are  employed,  and  the  effects  obtained  by  ignition  and 

explosion  cannot  be  determined  without  a  knowledge  of  the  chemical 

constituents  of  the  gas,  and  the  proportions  in  which  they  combine  with 

the  oxygen  of  the  air.     Since  the  gas  used  in  an  engine  cylinder  does  not 

<^ntain  the  oxygen  necessary  for  combustion,  it  can  never  be  burnt  by 

itself,  but  must  always  be  diluted  with  a  certain  quantity  of  air.     Unless 

the  composition  of  the  gas  and  the  ratio  of  its  dilution  with  air  are 

known,  it  is  impossible  to  ascertain  the  temperatures  and  pressures 

attained  in  the  cylinder,  and  to  calculate  the  theoretical  work,  or  the 

work  it  ought  to  do.     The  study  of  gases  has  led  to  the  discovery  of  the 

law  of  dissociation,  or  the  property  they  possess,  after  they  have  attained 

a  certain  high  temperature,  of  resolving  into  their  separate  elements. 

The  phenomena  of  ignition  in  a  cylinder  also  prove  that  the  whole  heat 

of  the  gases  is  never  developed  at  once,  whatever  the  gas  used,  or  the 

proportions  in  which  it  is  diluted  with  air.     It  appears  probable  that 

combustion  is  seldom  complete  and  instantaneous,  but  continues  during 

the  forward  motion  of  the  piston,  after  the  first  propagation  of  heat 

which  causes  the  explosion.     These  and  other  questions  connected  with 

the  phenomena  of  combustion  in  a  gas  engine  are  only  mentioned  here, 

and  will  be  discussed  later. 

U.  Utilisation  of  the  Explosive  Force,  &o. — In  the  second  part 
of  the  subject  we  have  to  consider  the  mechanical  utilisation  of  the 
motive  force,  or  the  method  by  which  it  is  turned  into  rotatory  motion. 
This  includes  a  study  of  the  construction  and  parts  of  a  gas  engine,  as 
the  apparatus  used  for  the  transformation  of  heat  into  useful  power. 
There  is  this  peculiarity  in  its  structure,  that  the  cylinder  contains  in 
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itself  furnace  and  boiler,  and  in  it  the  motive  power  is  developed. 
Before  examining  in  detail  the  various  types,  it  will  be  well  to  explain 
the  principal  parts  of  a  gas  motor  and  its  internal  organisation.  We  will 
first  enumerate  these  parts,  and  then  describe  the  functions  they  have  ta 
perform,  as  also  the  different  operations  taking  place  in  a  gas  engine. 

Base. — The  base  plate  on  which  the  engine  is  fixed  and  the  cylinder 
bolted  is  of  cast  iron,  and  usually  very  solid.  In  oil  engines  the  interior 
of  the  base  plate  is  often  utilised  as  a  reservoir  for  oil. 

Cylinder. — ^The  cylinder,  firmly  bolted  to  the  base,  is  either  vertical 
or  horizontal,  according  to  the  type  of  motor.  In  the  smaller  sizes,  gas 
engines  have  usually  one  motor  cylinder,  working  single-acting;  it  is 
almost  always  open  to  the  atmosphere  at  the  crank  end,  and  closed  only 
by  the  piston.  No  second  cylinder  is  needed  to  increase  the  motive 
power,  sufficient  force  being  obtained  by  the  succession  of  explosions  in 
one  cylinder.  For  larger  types  two  or  more  single-  or  double-acting 
cylinders  are  used.  As  the  great  object  in  a  gas  engine  is  to  allow  the 
gases  to  expand  as  completely  as  possible,  it  seems  at  first  as  though 
this  end  would  be  best  attained  by  making  the  engines  compound,  like 
steam  engines,  and  causing  the  gases  to  expand  successively  in  different 
cylinders.  Though  often  tried,  this  arrangement  has  not  been  found 
successful.  Sometimes  an  auxiliary  pump  is  used  for  compressing  the 
mixture,  or  a  charging  cylinder  for  receiving  and  mixing  the  gas  and 
air.  Compression  is  nearly  always  obtained  in  the  motor  cylinder  itself, 
and  the  motor  piston  acts  on  one  side  as  a  pump.  A  special  feature  of 
gas  engine  cylinders  is  that,  on  account  of  the  great  heat  developed,  they 
are  always  provided  with  some  apparatus  for  cooling  the  walls.  In  the 
smallest  types  it  has  been  found  sufficient  to  make  the  outer  radiating 
surfaces  of  the  cylinder  ribbed  or  deeply  indented,  exposing  a  large 
cooling  area  to  the  air.  In  engines  developing  above  two  or  three 
horse-power,  a  jacket  with  water  constantly  circulating  through  it  is 
indispensable.  As  one  end  of  the  cylinder  is  almost  always  open  to 
the  air,  the  cylinder  metal  is  kept  cooler,  and  over-heating  is  diminished 
by  contact  with  the  outer  air,  but  chiefly  by  the  water  jacket. 

Pistons. — The  pistons  of  gas  motors  are  very  similar  to  those  of 
steam  engines,  but  much  longer.  They  are  generally  plunger  pistons, 
and  three  or  four  sets  of  Ramsbottom  rings,  well  fitted,  are  now  nearly 
always  used. 

Valves. — ^The  valves  of  a  gas  engine  perform  functions  different  to, 
but  not  less  important  than,  the  admission  and  exhaust  valves  of  a 
steam  engine.  Not  only  do  they  admit  the  gases  into  the  cylinder  and 
discharge  the  products  of  combustion,  but  they  also  assist  a  little  in 
mixing  the  gas  and  air,  and  a  special  kind,  known  as  a  timing  valve, 
causes  ignition  at  the  proper  time.     In  the  older  types  of  engine,  as  in 
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• 

the  early  Otto,  there  was  generally  one  slide  valve  for  admitting  and 
igniting  the  charge.  It  contained  ports  to  receive  and  pass  on  the  gas 
and  air  to  the  cylinder,  and  carried  a  lighted  flame  within  a  cavity  to 
kindle  the  charge,  after  it  was  mixed  and  compressed.  In  most  modem 
engines  lift  valves  aJone  are  used,  but  occasionally  the  mixture  is  admitted 
to  the  cylinder  through  cylindrical  or  piston  valves.  In  most  engines 
the  vaJves  are  worked  by  cams  on  a  side  shaft  driven  from  the  main 
shaft,  or  by  eccentrics ;  in  others  they  are  automatically  lifted  or  closed 
by  the  pressures  in  the  cylinder. 

TrauBmissicn  of  Energy. — As  in  a  steam  engine,  the  pressure  of 
explosion  is  generally  transmitted  direct  to  the  revolving  crank  shaft. 
Usually  there  is  no  connecting-rod,  especially  in  smaller  engines,  the  piston- 
rod  working  direct  on  to  the  crank.  To  obtain  greater  regularity  in  the 
action  of  the  engine,  the  flywheel  is  usually  made  larger  and  heavier  than 
in  steam  engines.  Most  gas  engines  have  only  one  explosion  per  two 
revolutions,  and  the  energy  of  the  flywheel  is  required  to  carry  the  piston 
forward,  take  in  a  fresh  charge  of  gas  and  air,  and  to  bring  it  back  to  the 
dead  point  after  explosion. 

In  all  gas  engines  five  operations  are  required  for  a  complete  cycle  : — 
I.  Admission  and  mixture  of  the  charge  of  gas  and  air.  II.  Ignition. 
III.  Explosion.  lY.  Expansion.  Y.  Exhaust,  or  the  discharge  of  the 
gases  and  products  of  combustion.  To  these  another  has  been  added  in 
modem  engines — namely,  Compression.'"'  This  cycle  of  work  corresponds 
to  each  explosion,  but  not  necessarily  to  each  revolution;  indeed,  in 
many  engines  the  number  of  revolutions  and  of  explosions  are  independent 
of  each  other.     The  nature  of  these  operations  is  as  follows  : — 

I.  Admission  of  the  Qvlb  and  Air  to  the  Cylinder. — This  was 
formerly  supposed  to  be  a  complicated  process,  and  great  care  was  taken 
to  provide  separate  valves  for  admitting  the  air,  and  conducting  the 
charge  to  the  cylinder.  Experience  has  shown  that  the  air  enters  freely 
through  any  aperture,  which  is  usually  placed  in  proximity  to  the  gas 
admission  vaJve.  Gas,  unless  made  specially  on  the  spot,  is  admitted 
through  a  pipe  from  any  ordinary  gas  main.  In  the  older  engines, 
admission  of  the  charge  was  made  through  a  slide  valve,  as  already 
described,  moving  to  and  fro  between  the  slide  cover  and  the  cylinder. 
The  gas  pipe  communicated  with  a  passage  in  the  slide  cover,  and  a  hole 
in  the  slide  valve  leading  to  a  cavity.  As  soon  as  the  cavity  was  filled 
with  gas,  the  movement  of  the  slide  brought  it  opposite  a  similar  opening 
in  the  cylinder,  through  which  the  gas  entered.  In  later  engines 
admission  is  effected  through  ordinary  lift  valves.  Before  entering  the 
cylinder,  the  gas  usually  passes  through  a  chamber  where  it  is  thoroughly 

*  In  some  engines  part  of  a  stroke  is  devoted  to  cleansing  the  cylinder  of  the 
burnt  products. 
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mixed  with  its  proper  proportion  of  air,  admitted  through  a  separate 
inlet.  Much  importance  was  attached  to  this  process  of  mixing  before 
the  use  of  compression,  and  different  methods  were  resorted  to,  either  to 
mix  the  gas  and  air,  or  to  keep  them  in  separate  layers,  and  stratify  them 
as  they  entered  the  cylinder.  It  is  now  almost  universally  admitted 
that  these  arrangements  do  not  influence  the  explosion,  and  that  strati- 
fication does  not  take  place  in  the  manner  supposed,  owing  to  the 
compressive  force  exerted  by  the  piston.  The  gas  admission  valve  is 
usually  connected  to  the  governor,  which  regulates  the  quantity  of  gas 
entering,  and  consequently  the  number  or  strength  of  the  explosions. 

II.  Ignition. — The  gases  being  admitted  into  the  cylinder,  the  next 
operation  is  to  fire  or  ignite  them.  In  the  early  days  of  gas  engine 
construction  with  flame  ignition,  this  was  a  delicate  process,  because  the 
return  stroke  of  the  piston  exerted  a  considerable  pressure  upon  the 
charge,  and  sometimes  blew  out  the  flame.  The  difficulty  was  increased 
by  the  previous  compression  of  the  gas  and  air.  Two  methods  of  ignition 
are  now  employed — 1.  The  electric  spark.  2.  A  tube  maintained  at  a 
red  heat  by  a  gas  burner.  Electricity  was  the  first  means  proposed  and 
adopted  for  igniting  the  gases,  and  it  is  largely  used  in  foreign  engines. 
A  current  of  electricity  passes  along  wires  placed  close  to  the  valve  or 
chamber  admitting  the  charge  of  gas  and  air,  sparks  are  continually, 
formed  and  fire  the  mixture.  Magneto-electric  ignition  is  also  usual, 
especially  if  the  engine  is  driven  by  producer  or  blast-furnace  gases ;  the 
spark  is  generated  by  a  contact-breaker  worked  from  the  cam  shaft. 
With  flame  ignition  the  charge,  after  being  admitted  into  the  slide  valve 
and  mixed,  was,  in  compression  engines,  carried  past  a  flame  burning  in 
a  hollow  of  the  valve.  When  the  mixture  was  ignited  the  pressure  of 
the  burning  gas  often  put  out  the  flame,  and  it  was  then  relighted  by  an 
external  permanent  burner.  The  slide  valve  was  held  by  springs  against 
the  cylinder,  and  worked  by  an  eccentric,  but  more  often  by  a  cam  on  the 
auxiliary  or  counter  shaft  driven  from  the  main  shaft.  Ignition  by  a 
flame  is  now  obsolete,  and  in  England  the  most  general  method  is  by  a 
hot  tube.  At  a  given  moment  the  opening  to  this  tube  is  uncovered, 
a  portion  of  the  charge  at  high  pressure  is  brought  in  contact  with  it  and 
fired,  and  explodes  the  remainder  in  the  cylinder.  The  tube  is  kept  at  a 
red  heat  by  a  gas  burner,  and  is  easily  replaced  from  time  to  time 
when  worn  out.  Formerly  these  tubes  were  made  of  iron,  and  were 
"  short-lived,"  as  it  is  termed ;  very  small  tubes  of  platinum  and  other 
metals  are  sometimes  used,  which  last  much  longer.*  In  some  of  the 
older  types  of  engines,  where  the  charge  was  admitted  at  atmospheric 
pressure,  the  gas  and  air  were  drawn  in  at  one  end  of  the  cylinder  by  the 

*  Porcelain  tubes  are  also  much  employed,  but  are  scarcely  suitable  for  oil 
engines,  as  they  are  apt  to  crack. 
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suction  of  the  forward  stroke  of  the  piston.  At  a  certain  moment  a  small 
flap  valve  covering  a  flame  burning  on  the  outside  of  the  cylinder  was 
lifted  by  the  pressure,  the  flame  drawn  forward,  and  the  mixture  thus 
ignited.  Sometimes  the  piston  itself,  in  its  out  stroke,  is  used  to  uncover 
the  gas  and  air  valves.  In  other  engines  the  gases  are  ignited  in  a 
separate  chamber ;  there  is  no  explosion,  but  they  enter  the  cylinder  in 
a  state  of  flame,  and  force  the  piston  forward. 

m.  and  IV.  Explosion  and  Expansion. — It  is  in  the  motor 
cylinder  that  explosion  and  expansion  of  the  ignited  gases  always  take 
place.  To  allow  room  for  the  compression  and  ignition  of  the  charge, 
the  clearance  space  is  usually  much  larger  than  in  steam  engines,  some- 
times so  large  that  it  forms  a  separate  chamber,  into  which  the  gas  mix- 
ture is  compressed.'"'  In  the  earlier  types  of  gas  motors,  the  charge  was 
drawn  in  during  the  first  part*  of  the  forward  stroke,,  explosion  taking 
place  only  when  the  piston  had  almost  reached  the  middle  of  the  cylin- 
der. It  was  soon  found  that  this  tardy  explosion  greatly  limited  the 
number  of  expansions,  and  the  work  performed  by  the  gases  on  the 
piston.  Modem  engines  are  designed  to  procure  the  explosion  as  near 
the  beginning  of  the  stroke  as  possible,  so  as  to  allow  the  maximum 
volume  of  the  cylinder  for  the  expansion  of  the  gases.  In  some  vertical 
non-compression  engines  the  clearance  space  was  exceedingly  small.  Ex- 
plosion of  the  gases  took  place  when  the  piston  was  at  the  bottom  of  its 
stroke,  free  of  the  crank  and  shaft,  and  drove  it  to  the  top  of  the  cylinder. 

V.  Exhaust,  or  discharge  of  the  gases. — Various  methods  are  em- 
ployed in  gas  engines  for  getting  rid  of  the  products  of  combustion,  but 
the  best  authorities  are  now  agreed  that  they  should  be  expelled  from 
the  cylinder  as  quickly  and  as  completely  as  possible.  Most  modem 
gas  motors  being  single-acting,  or  acting  on  one  side  of  the  piston  only, 
the  exhaust  valve  is  seldom  opened  during  the  forward  stroke.  In  some 
engines  it  only  opens  during  half  the  return  stroke,  in  others  the  whole 
of  this  stroke  is  utilised  to  expel  the  previous  charge,  while  in  a  few 
engines  a  complete  stroke,  forward  and  return,  is  sacrificed  to  discharge 
the  products  of  combustion,  and  cleanse  the  cylinder.  Air  under  pres- 
sure is  admitted  to  help  the  discharge  in  some  modem  engines.  The 
exhaust  valve  plays  an  important  part  in  a  gas  engine,  because  the  high 
pressure  in  the  cylinder  is,  of  course,  instantly  reduced  as  soon  as  it  is 
opened.  Most  gas  engines  are  so  constructed  that  the  unbumt  gases  are 
allowed  to  escape  at  a  relatively  high  pressure  and  temperature,  which 
are  thus  wasted,  instead  of  being  utilised.  This  is  one  of  the  defects  of 
these  motors  which  engineers  should  be  most  anxious  to  remedy.  In 
some  of  the  older  vertical  engines   the  piston  was  forced  up  by  the 

*  The  tendency  in  modern  engines  is  greatly  to  reduce  the  compression  space, 
and  thus  to  increase  compression. 
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explosion  and  driven  down  by  atmospheric  pressure,  a  partial  vacuum 
being  formed  below  by  the  cooling  of  the  gases.  The  opening  of  the 
exhaust  valve  at  the  bottom  of  the  cylinder,  by  causing  the  air  to  enter, 
equalised  the  pressure  above  and  below  the  piston,  and  checked  its 
descent.  In  these  earlier  motors  the  exhaust  was  usually  connected  to 
the  admission  and  ignition  valves,  and  one  slide  valve  was  made,  during 
its  motion  to  and  fro,  to  uncover  the  three  different  openings.  In  others, 
and  generally  in  the  modem  horizontal  engines,  the  exhaust  is  under 
the  cylinder,  distinct  from  the  admission  valves,  but  worked  from  the 
same  side  shaft. 

Compression  of  the  charge. — ^To  compress  the  gas  and  air  before 
ignition  in  an  engine  cylinder  is  necessary  for  economy.  This  is  the 
most  important  modern  improvement  introduced  into  the  cycle.  As 
compared  with  the  other  operations,  compression  has  certainly  the  greatest 
influence  on  the  lower  consumption  of  gas,  and  the  economical  working 
of  the  engine.  It  is  effected  in  the  following  way : — ^A  certain  quantity 
of  gas  and  air,  in  definite  proportions,  is  admitted  into  the  cylinder. 
Instead  of  being  immediately  ignited  the  mixture  is  compressed,  and  its 
pressure  raised — that  is,  the  volume  of  gas  and  air  is  forced  into  a  much 
smaller  space  than  before,  by  the  return  stroke  of  the  motor  piston.  If, 
for  example,  the  charge  occupied  a  space  of  5  cubic  feet,  it  is  driven  back 
by  the  piston  till  it  occupies  only,  say,  1  cubic  foot,  or  one-fifth  the 
previous  space,  and  the  pressure  is  raised  five  fold.  The  method  usually 
adopted  is  to  allow  the  piston  to  move  out,  and  take  in  gas  and  air 
behind  it  till  the  whole  cylinder  is  filled ;  the  piston  then  returns,  all 
the  valves  and  ports  being  closed,  and  the  mixture  is  driven  into  the 
clearance  space  and  compressed.  The  advantages  of  this  process  are,, 
that  the  particles  of  gas  and  air  are  forced  much  more  closely  together, 
and  when  they  are  ignited,  their  power  of  expansion  has  been  found  by 
experiment  to  be  much  greater.  Nor  do  they  part  with  their  heat  so 
quickly,  being  confined  in  a  smaller  space.  Writers  on  the  gas  engine 
are  unanimously  of  opinion  that  compression,  previous  to  ignition,  is  the 
one  great  source  of  economy  in  gas  motors,  and  this  is  confirmed  by 
experiments.  In  the  older  non-compressing  gas  engines,  it  was  always 
difficult  to  raise  the  pressure  of  the  gases  high  enough  to  obtain  much 
work  on  the  piston.  In  modern  compression  engines,  on  the  contrary, 
the  expansive  force  of  the  gases  is  greater  than  can  be  properly  utilised. 

The  advantages  of  compression  are— (1)  The  smaller  size  of  cylinder 
required.  In  the  early  engines,  to  obtain  an  effective  working  pressure,^ 
the  cylinders  were  made  large,  and  as  much  gas  and  air  as  possible 
admitted  at  a  time,  and  even  then  the  pressure  was  often  very  low. 
But  with  engines  using  compression,  since  the  same  charge  occupies  a 
smaller  space,  the  cylinder  can  be  made  smaller.     (2)  Greater  certainty 
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and  rapidUy  of  explosion,  because  the  particles  of  gas,  being  forced  closer 
together,  and  their  temperature  raised  by  compression,  ignition  proceeds 
more  rapidly,  and  a  more  vigorous  explosion  is  obtained.  The  flame  is 
easily  and  surely  transmitted,  permeates  the  whole  mass  almost  instan- 
taneously, and  the  entire  force  of  the  explosion  is  developed.  (3)  Greaier 
eoofnomy  of  gets,  because,  inflammation  being  certain,  a  poorer  quality  of 
gas  can  be  used.  Not  only  may  the  quantity  be  smaller  in  proportion 
to  air,  but  the  weaker  charge,  if  compressed,  will  still  explode,  even  when 
further  diluted  with  the  products  of  former  combustion.  (4)  A  smaller 
cylinder  is  required /or  the  same  power  (see  Chapters  xv.  and  xvi.,  where 
this  subject  is  fully  treated). 

Compression  is  carried  out  in  two  ways.  As  a  rule,  the  engine  has 
a  single  motor  cylinder,  in  which  it  takes  place,  two  strokes,  forward  and 
return,  being  generally  sacrificed  to  obtain  it.  If  a  pump  is  added,  the 
charge  is  compressed  by  it ;  every  stroke  of  the  motor  piston  is  then  a. 
working  stroke,  and  the  flywheel  obtains  an  impulse  at  every  revolution. 
The  pump  is  worked  from  the  crank  shaft,  and  the  six  operations  are 
divided  between  it  and  the  motor  cylinder.  The  pump  piston  admits 
and  compresses  the  charge,  which  is  then  exploded  and  expanded,  and 
the  products  of  combustion  driven  out  from  the  motor  cylinder.  The 
two  pistons  work  more  or  less  simultaneously,  and  the  forward  stroke 
of  the  pump  draws  in  the  fresh  mixture,  during  expansion  of  the  charge 
in  the  motor  cylinder.  In  other  engines  the  pump  is  worked  from  a 
separate  crank,  set  slightly  in  advance  of  the  main  crank.  This  cycle 
of  operations  is  good,  but  its  advantages  are  counterbalanced  by  the 
additional  power  required  to  drive  the  pump.  Occasionally  the  gas 
and,  air  are  compressed  into  a  separate  receiver,  and  in  a  few  engines 
the  front  part  of  the  motor  piston  takes  the  place  of  the  pump,  and 
compresses  the  charge. 

Oiling,  &c. — Lubrication,  starting,  and  regulation  of  the  speed  in 
a  gas  engine,  each  require  a  few  words  of  explanation.  Oiling  the  piston 
is  a  matter  of  much  importance,  and  must  be  carefully  performed.  The 
high  speeds  and  temperatures  at  which  gas  motors  work  necessitate  a 
continuous  and  skilful  use  of  good  mineral  oil.  In  steam  engines  there 
is  generally  a  certain  amount  of  water,  but  the  flames  of  a  gas  engine 
dry  the  internal  surfaces,  and  unless  oil  is  continuously  applied,  the 
cylinder  soon  becomes  hot  and  begins  to  suffer.  Hence  the  importance 
of  internal  lubrication  in  all  gas  engines.  They  are  usually  fitted  with 
a  special  apparatus  for  oiling  the  various  parts  automatically. 

Small  gas  engines  can  be  quickly  started,  but  with  larger  powers  the 
process  is  not  always  easy.  The  engine  should  be  at  work  in  a  few 
minutes,  and  the  inertia  of  the  working  parts  has  to  be  overcome.  All 
the  larger  motors  are  provided  with  special  means  of  starting,  such  as 
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a  receiver,  into  which  a  reserve  charge  is  compressed,  a  handle  or  cam 
acting  upon  the  exhaust  valve  to  keep  it  open,  thus  reducing  the  pressure 
in  the  cylinder,  or  a  reservoir  of  compressed  air.  Sometimes  a  small 
auxiliary  gas  engine  is  used. 

Begiilation  of  Speed. — To  regulate  the  speed  of  an  engine  is  rather 
a  complicated  process,  and  is  effected  in  a  variety  of  ways.  Many  dif- 
ferent kinds  of  governors  are  used,  though  the  majority  are  constructed 
on  the  principle  of  a  weight  acting  by  centrifugal  force.  A  common 
type  is  the  ball  governor,  but  pendulum  and  inertia  governors  are  also 
employed,  while  many  are  made  with  weighted  arms  or  levers.  The 
governor  is  generally  in  connection  with  the  gas  valve,  but  sometimes 
with  the  exhaust,  or  with  the  valve  for  admitting  the  charge.  The 
following  are  the  usual  methods  of  governing : — 

1.  By  regulating  the  opening,  more  or  less,  of  the  gas  admission 
valve. 

2.  By  completely  cutting  off  the  supply  of  gas  during  a  certain 
number  of  strokes. 

3.  By  admitting  more  or  less  of  the  explosive  charge  at  a  time. 

4.  By  acting  on  the  exhaust  valve  and  holding  it  open. 
Sometimes  two  or  more  methods  are  used  with  the  same  engine, 

according  to  the  greater  or  less  fluctuations  in  the  speed.  To  vary  the 
quantity  of  gas  within  certain  limits  is  an  effectual  check.  But  if  a 
smaller  quantity  be  admitted  than  will  ignite  when  mixed  with  air,  a 
certain  amount  of  unburnt  gas  passes  through  the  cylinder,  and  into 
the  exhaust.  The  speed  is  reduced  because  there  is  no  explosion,  but 
the  gas  is  wasted.  To  reduce  the  total  amount  of  the  charge  admitted 
may  have  a  similar  result,  and  give  a  weak  stroke.  In  some  modem 
engines  the  governor  acts  upon  the  gas  valve  to  cut  off  the  supply 
entirely  for  a  time,  when  the  speed  is  too  high.  Air  alone  being  ad- 
mitted, there  is  no  explosion. 

Modem  engines  are  usually  governed  on  the  "  hit-or-miss  "  principle, 
or  by  cutting  off  the  charge,  except  precision  engines  for  driving  dynamos, 
in  which  misses  are  not  allowable.  Sometimes  in  these  the  gas  valve  is 
so  connected  to  the  governor  that  a  rich  mixture  enters  if  much  power 
is  required,  and  a  poor  mixture  for  small  powers,  or  when  running  empty. 
However  poor  the  charge  may  be,  so  long  as  it  is  highly  compressed, 
ignition  is  practically  certain.  Sometimes  the  governor  acts  on  the  gas 
and  admission  valves,  and  "throttles"  them  at  varying  periods  of  the 
stroke,  the  quality  of  the  charge  being  always  the  same,  but  its  quantity 
varied,  like  the  cut-off  of  a  steam  engine.  This  method  is  said  to  give 
longer  expansion  in  proportion  to  admission,  and  therefore  a  better  heat 
utilisation.  For  the  maximum  power  and  best  indicator  diagrams  an 
engine  should  work  at  full  load  and  the  highest  compression,  because 
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with  a  smaller  charge  compression  will  be  less,  the  size  of  the  compres- 
sion space  being  always  the  same.  Engines  so  governed  do  not  consume 
less  gas  or  oil  than  others.  Their  allowable  variations  of  speed  are  very 
small,  and  the  governor  must  be  delicately  adjusted.  In  governing  on 
the  *' hit-or-miss "  principle  the  admission  valve  closes  above  a  certain 
speed,  below  this  speed  it  remains  open. 

The  tendency  in  modem  gas  motors  is  to  simplify  construction,  and 
reduce  the  number  of  parts.     Where  only  two  lift  valves  are  employed, 
one  for  admission,  the  other  for  discharge  of  the  gases,  the  governor  is 
usually  connected  to  the  latter.     Under  normal  conditions  of  speed  the 
suction  of  the  forward  stroke  lifts  the  admission  valve,  and  allows  the 
charge  to  enter.     This  vaJve  closes  as  soon  as  compression  begins,  during 
the  return  stroke,  and  remains  closed  as  long  as  the  pressure  in  the 
cylinder  is  greater  than  that  of  the  atmosphere.     The  opening  of  the 
exhaust  valve  reduces  the  pressure,  and  when  the  gases  are  all  dis- 
charged  the  automatic  admission  valve   rises,  and  a  fresh  charge   is 
admitted.     If  the  speed  be  too  great  the  governor  acts  upon  the  ex- 
haust valve,  keeping  it  open.     As  no  vacuum  is  formed  in  the  cylinder 
during  the  return  stroke,  the  admission  valve  remains  closed,  and  no 
fresh  charge  can  enter  until  the  governor  has  released  the  exhaust.     In 
oil  engines  in  which  the  charge  is  admitted  through  an  automatic  lift 
valve,  the  action  of  the  governor  on  the  exhaust  is  generally  sufficient  to 
prevent  any  fresh  mixture  reaching  the  cylinder.     To  cut  off  entirely 
the  admission  of  oil  is  an  undesirable  method,  because  the  cylinder  and 
vaporiser  rapidly  become  too  cool  to  work  efficiently.     It  must  be  borne 
in  mind  that  in  both  gas  and  oil  engines  the  governor  can  act  only  by 
reducing,  never  by  accelerating,  the  speed. 
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CHAPTER    II. 
HEAT  "CYCLES"  AND  CLASSIFICATION  OF  GAS  ENGINES. 

Contents. — Theoretical  Cycle  —  Heat  Efficiency  —  Classification  of 

Gas  Engines  by  Types. 

Theoretical  Cycle. — The  word  "cycle,"  derived. from  the  Greek,  has 
the  same  signification  as  circle.  As  applied  to  mechanical  motors  it 
denotes  a  series  of  operations,  at  the  end  of  which  the  working  agent 
returns  to  its  original  condition,  as  at  starting.  The  celebrated  French 
engineer,  Sadi  Camot,  was  the  first  to  use  the  word  in  this  sense,  and 
for  convenience  it  has  been  retained.  Engineers  have  agreed  to  designate 
as  a  "cycle"  the  successive  operations  taking  place  in  a  heat  motor, 
though  these  can  never  form  what  is  termed  a  perfect  or  closed  cycle. 
In  every  heat  motor  the  same  phenomena  are  repeated  each  time  the 
gas,  steam,  or  other  working  agent  is  introduced  into  the  cylinder.  In 
this  sense,  therefore,  a  given  cycle  of  operations  is  periodically  performed 
in  these  engines.  The  heat  generated  passes  into  the  engine  cyUnder 
to  perform  the  work.  That  portion  of  heat  which  has  not  been  utilised 
in  the  engine  is  transferred  to  a  source  of  cold,  and  the  difference  be- 
tween these  two  sources  (of  heat  and  cold)  represents  theoretically  the 
heat  expended  in  work.  A  working  agent  is  necessary,  to  which  the 
heat  must  be  imparted,  and  from  which  it  is  withdrawn. 

The  theoretical  cycle  imagined  by  Carnot,  and  called  after  him,  was 
a  perfect  cycle — that  is,  the  heat  generated  was  employed  solely  in 
doing  work,  and  none  was  wasted.  The  medium  or  "power  agent," 
steam,  gas,  &c.,  was  expanded,  a  piston  was  propelled,  a  given  amount 
of  work  performed,  and  a  given  quantity  of  heat  transformed  into 
energy  to  produce  this  work.  As  the  piston  returned,  it  compressed 
the  agent,  restoring  by  compression  all  the  heat  that  had  been  expended 
in  work.  A  perfect  cycle  was  realised,  since  the  whole  heat  was  thus 
returned  to  its  source,  and  the  working  agent  to  its  original  condition. 
In  practice  a  perfect  cycle  is  impossible.  Whatever  the  agent  employed, 
it  can  never  really  return  to  its  original  condition,  and  all  the  heat  be 
refunded,  because  a  considerable  quantity  is  irrecoverably  lost.  Much 
heat  will  escape  through  the  cylinder  walls ;  some  will  be  wasted  owing 
to  imperfect  expansion,  passing  out  into  the  exhaust,  and  some  will  be 
expended  in  the  friction  of  the  engine.     The  more  nearly,  however,  an 
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engine  approximates  to  the  condition  of  a  perfect  cycle,  and  the  more 
beat  is  expended  in  work  on  the  piston,  the  greater  will  be  the  efficiency 
of  the  engine,  and  the  higher  the  proportion  between  the  useful  work 
performed  and  the  heat  received. 

Heat  Efflcienoy. — It  has  been  shown  that  the  higher  the  temper- 
ature of  the  mixture  of  gas  and  air  produced  by  combustion  in  the 
cylinder,  the  greater  the  pressure,  and,  therefore,  the  greater  should 
be  the  force  exerted  on  the  piston.  On  the  other  hand,  the  lower  the 
temperature  of  the  discharged  gases,  the  more  heat  will  be  expended 
theoretically  in  work.  The  heat  efficiency  is  the  ratio  of  heat  turned 
into  work  to  the  total  heat  received  by  the  engine.  In  practice  this 
efficiency  is  always  affected  by  waste  of  heat  through  various  circum- 
stances. Nevertheless,  it  is  necessary  to  expand  the  gases  as  much  as 
possible,  because  it  is  only  by  complete  expansion  that  all  the  available 
heat  can  be  utilised  in  doing  work.  If  the  gases  are  compressed  by 
the  return  stroke  of  the  piston,  this  heat  will,  theoretically,  be  refunded. 
Such  a  cycle  of  operations  can,  of  course,  be  only  obtained  in  theory, 
but  in  any  case  the  more  complete  the  expansion,  the-  niore  the  tem- 
perature and  pressure  of  the  gases  discharged  into  the  exhaust  will  be 
reduced.  Less  heat  will  be  carried  over  from  the  cylinder,  a^d  more 
will  remain  to  be  utilised  in  it.  Hence  it  is  of  the  utmost  importance 
to  obtain  as  perfect  a  working  cycle  in  a  gas  engine  as  possible. 

Types  of  Engines.  —  Different  authors  have  adopted  different 
methods  of  classifying  the  various  types  of  gas  engines.  An  obvious, 
but  not  very  satisfactory,  way  is  to  divide  them  into  horizontal  and 
vertical.  As  a  rule,  engines  for  large  powers  are  horizontal,  and  for 
small  powers  vertical;  but  in  England  almost  all  sizes  are  made  hori- 
zontal. There  is  said  to  be  less  vibration  than  in  vertical  engines,  and 
greater  power  is  obtained  for  a  cylinder  of  the  same  size,  but  many 
foreign  and  some  English  makers  are  of  opinion  that  the  advantages  of 
vertical  engines  outweigh  their  defects. 

A  more  logical  classification  of  gas  motors,  based  on  their  internal 
working,  is  to  divide  them  into  engines  drawing  in  the  charge  of  gas 
and  air  at  atmospheric  pressure,  and  engines  compressing  the  charge 
before  ignition.  This  is  the  classification  employed  by  the  best  authori- 
ties, and  here  adopted.     In  this  way  we  get : — 


Type   { 


I.  Non-compressing  engines ;  and 
II.  Compressing  engines. 


Each  of  these  types  may  be  subdivided  into  classes  a  and  6. 

Type  I.,  Class  a,  includes  non-compressing  motors  drawing  in  and 
igniting  the  charge  at  atmospheric  pressure.  The  force  of  the  explosion 
•drives  the  piston  forward,  and  the  return  stroke  expels  the  products  of 
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combustion.  This  type  of  engine  is  also  made  double-acting,  giving  an 
explosion  or  motor  impulse  per  stroke  on  each  side  of  the  piston,  and  all 
the  operations  of  admission,  ignition,  and  expansion  are  effected  while 
the  piston  moves  once  out  and  back  again.  The  gases  are  discharged  at 
the  end  of  the  stroke.  These  double-acting  engines  are  no  longer  used  ; 
the  original  Lenoir  is  the  best  example  of  the  type. 

Type  I.,  Class  b,  also  represents  engines,  chiefly  vertical,  which  dravir 
in  and  ignite  the  charge  at  atmospheric  pressure.  The  piston  is  forced 
up  from  the  bottom  of  the  cylinder,  and  performs  no  work,  not  being 
connected  to  the  crank.  In  the  return  stroke  it  is  locked  to  the  crank 
shaft,  and  descends  only  by  the  force  of  atmospheric  pressure.  This  is 
the  motor  or  working  stroke.  In  a  certain  sense  this  class  of  engine  is 
also  double-acting,  like  Class  a,  the  piston  receiving  two  impulses  per 
revolution;  the  first  from  the  explosion  of  the  gas  below,  the  second 
from  the  pressure  of  the  atmosphere  abQve.  The  best  representative  of 
this  type  is  the  Otto  and  Langen  engine.  In  one  variety,  the  Bisschop, 
the  piston  is  driven  up  with  great  force,  but  is  permanently  connected  to 
the  motor  shaft,  instead  of  being  free  during  its  ascent.  Both  these 
classes,  a  and  6,  of  Type  I.,  are  now  obsolete. 

Type  II.  comprises  all  engines  using  compression,  and,  like  the  first 
type,  is  divided  into  two  classes.  In  Class  a  the  whole  cycle  of  work, 
including  compression,  takes  place  in  the  motor  cylinder  itself,  and  in 
order  to  effect  the  various  operations  in  one  cylinder,  it  is  necessary  to 
sacrifice  one  complete  stroke.  Compression  is  obtained  at  the  expense  of 
power,  and  the  piston  moves  twice  backwards  and  forwards  for  every 
explosion  or  motor  impulse  given  to  the  crank  shaft.  The  well-known 
Otto  engine  is  a  typical  example.  At  least  three-fourths  of  all  gas 
engines,  and  all  oil  engines  now  made,  belong  to  this  type. 

In  Type  II.,  Class  b,  there  is  the  same  cycle  of  operations  as  in 
Class  a,  but  instead  of  sacrificing  a  stroke  of  the  motor  piston,  one  or 
more  pump  cylinders  are  added.  Admission  of  the  charge  in  the  pump, 
and  expansion  in  the  motor  cylinder,  are  effected  simultaneously;  the 
return  stroke  in  the  pump  compresses  the  charge,  while  the  motor  piston 
drives  out  the  products  of  combustion,  as  in  the  Clerk  engine. 

There  are  very  few  engines  which  do  not  belong  to  either  of  these 
types.  These  are  chiefly  six-cycle  engines,  where  the  operations  are 
similar  to  those  described  in  Type  II.,  Class  a,  but  a  third  complete 
stroke  is  added,  in  order  to  cleanse  the  cylinder  thoroughly  of  the  pro- 
ducts of  previous  combustion  by  what  is  called  a  "scavenger"  charge 
of  pure  air.  To  avoid  the  difficulty  of  having  only  one  motor  stroke  in 
six,  these  engines  are  sometimes  made  double-acting — that  is,  an  ex- 
plosion takes  place  alternately  at  either  end  of  the  cylinder  at  every 
third  stroke.     Thus  there  are  two  impulses  for  every  three  revolutions. 
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as  in  the  Griffin  engine.  The  action  of  these  different  types  will  be  fully 
explained  later  on. 

It  must  be  remembered  that,  in  describing  the  to  and  fro  motion  of 
the  piston  of  an  engine,  and  its  action  on  the  crank,  there  are  always  two 
strokes,  the  forward  or  motor  stroke,  and  the  return  or  exhaust  stroke. 
The  forward  or  out  stroke  is  towards  the  crank,  the  return  or  in  stroke 
is  away  from  the  crank.  The  position  of  the  piston  corresponding  to 
the  outer  dead  point  is  when  it  is  nearest  to  the  crank  shaft,  and  that 
corresponding  to  the  inner  dead  point  when  it  is  furthest  away  from  the 
crank.     These  terms  will  be  used  in  this  work. 

The  following  table  exhibits  the  different  types  and  their  cycles. 
The  engines  are  assumed  to  be  horizontal  except  when  otherwise 
mentioned : — 

Type  L— Non-compressinsr. 

Cycle  of  operations. 

CloM  a.  /  1 .  Forward  or  motor  stroke — admission 

One     explosion     per    revolution  —  one  \  of  charge  of  gas  and  air ;  ignition, 

cylinder.  i  explosion,  expansion. 

(Example,  Leuoir.)  '  2.  Return  stroke— discharge  of  gases. 

CloM  h  (vertical  only).  f  1.  Up   stroke  —  admission  of    gas  and 

One     explosion     per     revolution  —  one  I  air ;  ignition,  explosion,  expansion, 

cylinder.  |  2.  Down  or  motor  stroke — discharge  of 

(Example,  Atmospheric  engine.)  \,  gases. 


Type  IL— Compressing. 

Cycle  of  operations. 

^,  /I.  Forward  stroke — admissionof  gctaand 

Claes  a.  f  . 

One  explosion  per  two  revolutions — one  I  «    t>  *.         *.    i 

^^  ~i  /  2.  Return  stroke^ompression. 

®y       *'•  ,     rv       .  \  3.  Forward  or  motor   stroke — ignition, 

(Example,  Otto.)  I  ^i    • 

^    ,    ,    ,     ^  ,  /  1.1  explosion,  expansion. 

(CaUed  the  Otto  cycle,  or  four-cycle. )     |^  ^    ^^^^  stroke-discharge  of  gases. 

Cla88  b.                              /  1.  Forward  or  motor  stroke — in  cylinder 

One  cylinder  and   one  pump— one  ex*  I  — ignition,  explosion,  expansion ;  in 

plosion  per  revolution.                             <  pump — admission  of  gas  and  air. 

(Ejcample,  Clerk.)                      I  2.  Return  stroke — in  cylinder — discharge 

(With  modifications,  Oechelhaueser. )      \  of  gases  ;  in  pump — compression. 


Cla89  c  (double-acting). 
One  cylinder,  one  or  two  pumps — two 


/  1.  Forward  motor  stroke — in  cylinder — 
ignition,  explosion,  expansion,  ex- 
haust ;  in  pumps — compression  and 
admission  of  gas  and  air. 


exploeioM  per  revolution.  ^    ^^^  ^^^  stroke-same  cycle  of 

(Example.  Koerting).  I  operations  in  working  cylinder  and 

\         pump. 
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The  following  classification  has  been  adopted  by  Mr.  Roots : — 
Class  L— Non-Compression  Engines  (two  types). 

Type  1.     Power  developed  directly  by  ezploaion. 
„    2.         ,,  ,,  indirectly  by  atmospherio  pressure. 

Class  IL--CoinpFession  Engines  (seven  types). 

Type  3.     One  revolution.     With  the  aid  of  separate  pumping  piston. 

4.  „  ,,  Use  of  opposite  face  of  working  piston  as  pump. 

5.  ,,  „  Without  a  pump. 

6.  Two  revolutions.     Ordinary  Beau  de  Rochas  cycle. 

7.  M  ,,  Modified  B.  de  R.  cycle,  reducing  the  charge  fired  to 

increase  expansion. 

8.  Three  revolutions. 

9.  Compound  engines  (Expansion  in  two  cylinders). 


If 


it 


Class  III.— (^ntinuons  Combustion  Engine  (one  type). 


Type  10. 


This  classification,  illustrated  by  numerous  drawings  and  descriptions 
of  engines,  is  fully  described  in  Mr.  Boots'  book,  Cycles  of  Gas  and  Oil 
Engines,  It  is  an  exhaustive  list,  and  under  one  or  other  of  these  ten 
types  most  internal  combustion  engines  hitherto  produced  may  be  classed. 
For  a  student  it  is,  perhaps,  somewhat  complicated,  and  the  fundamental 
division  into  compressing  and  non-compressing  engines  adopted  above  is 
more  easily  remembered.  The  author's  classification,  however,  scarcely 
represents  modern  gas  engine  work,  as  only  compression  engines  are 
now  made. 
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CHAPTER  III. 
HISTORY  OF  THE  GAS  ENGINE. 

Contents. — Early  Combustion  Engines — ^Uantefeuille— Iluyghens — Papin— Barber — 
Street— Lebon— Brown— Wright— Bamett— Drake — Barsanti  and  Matteuoci — 
Lenoir — Ilugon — Schmidt — Beau  de  Rochas  Patent. 


Early  Oombustion  Engines. — ^The  earliest  attempts  to  obtain  motive 
power  from  heat  were  made  by  igniting  inflammable  powder,  and  utilising 
the  force  of  the  explosion  thus  generated.  As  a  source  of  energy,  this 
combustible  powder  was  the  first  agent  used ;  it  preceded  the  production 
of  coal  gas,  or  steam.  Strictly  speaking,  cannons  are  the  oldest  heat 
motors,  and  the  principles  on  which  they  are  constructed  are  identical 
with  those  of  internal  combustion  engines.  Heat  is  applied  to  explosive 
powder,  and  the  combustion  and  expansion  of  the  powder  furnishes  the 
motive  force  to  propel  a  ball  forward.  In  modem  heat  engines  a  piston 
takes  the  place  of  the  ball.  In  the  early  days  of  mechanical  science,  the 
energy  shown  in  the  projection  of  a  cannon  ball  seemed  to  afford  a  simple 
solution  of  the  problem  how  to  obtain  power  and  motion  by  heat.  But 
the  power  produced  by  exploding  powder  in  a  cannon  could  not  be  used 
for  practical  work,  because  it  was  not  generated  continuously  and  regu- 
larly. To  apply  the  expansive  force  of  the  gases  given  off  during  combus- 
tion, the  combustible  was  exploded  in  a  closed  vessel,  and  made  to  act 
upon  a  piston.  These  early  combustion  engines  were  the  forerunners  of 
modem  gas  motors,  in  which  the  power  is  also  obtained  by  explosion. 
But  though  they  were  introduced  nearly  a  hundred  years  before  the  first 
steam  engine,  they  were  soon  abandoned,  because  it  was  found  impossible 
to  control  the  power  generated.  Steam  was  easier  and  safer  to  work 
with,  and,  for  more  than  a  century,  explosive  engines  were  wholly 
relinquished. 

Hautefenille. — The  first  to  propose  the  use  of  explosive  powder  to 
obtain  jiower  was  the  Abb^  Hautefenille,  the  son  of  a  baker  at  Orleans. 
To  him  belongs  the  honour  of  designing,  not  only  the  first  engine  worthy 
of  the  name,  but  the  first  machine  using  heat  as  a  motive  force,  and 
capable  of  producing  a  definite  quantity  of  continuous  work.  As  such, 
he  may  be  considered  one  of  the  originators  of  heat  motors.  In  1678  he 
suggested  the  construction  of  a  powder  motor  to  raise  water.  The 
powder  was  burnt  in  a  vessel  communicating  with  a  reservoir  of  water. 
As  the  gases  cooled  after  combustion  a  partial  vacuum  was  formed,  and 
the  water  was  raised  by  atmospheric  pressure  from  the  reservoir. 
Another  machine  described  by  him  in  1682  was  based  on  the  principle  of 
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the  circulation  of  the  blood,  produced  by  the  alternate  expansion  and 
contraction  of  the  heart.  Here  the  water  was  raised  by  the  direct  ex- 
pansive action  of  the  combustible  gases  given  off  by  the  powder  when 
ignited.  This  was  the  first  instance  of  a  direct-€u;ting  engine,  but  no 
machine  could  be  made  strong  enough  to  resist  the  spasmodic  expansion 
of  powder,  as  here  proposed. 

Huyghens,  Papin. — Hautefeuille  does  not  seem  to  have  actually 
constructed  the  machines  he  designed ;  but  Huyghens,  who  was  the  first, 
in  1680,  to  employ  a  cylinder  and  piston,  constructed  a  working  engine, 
and  exhibited  it  to  Colbert,  the  French  Minister  of  Finance.  The  powder 
in  this  motor  was  ignited  in  a  little  receptacle  screwed  on  to  the  bottom 
of  a  cylinder.  The  latter  was  immediately  filled  with  flame,  and  the  air 
in  it  was  driven  out  through  leather  tubes,  which  by  their  expansion 
acted  for  the  moment  as  valves.  The  piston  was  forced  by  the  pressure 
of  the  atmosphere  into  the  vacuum  thus  formed.  This  is  the  action 
shown  in  modem  atmospheric  gas  engines,  but  Huyghens  found  a  diffi- 
culty in  getting  his  valves  to  act  properly,  and  in  1690  an  endeavour  was 
made  by  Papin  to  improve  upon  his  principle.  By  providing  the  valves 
with  hydraulic  joints,  Papin  contrived  to  make  them  tighter,  and  to 
obtain  a  better  vacuum,  but  he  found  that,  in  spite  of  all  his  efforts,  a 
fifth  part  of  the  air  still  remained  in  the  cylinder,  and  checked  the  free 
descent  of  the  piston.  After  various  attempts  to  overcome  this  difficulty, 
he  abandoned  the  use  of  explosive  powder,  and  devoted  his  attention  to 
steam. 

Barber. — For  more  than  100  years  after  these  early  attempts,  all  the 
efforts  of  scientific  men  and  inventors  were  directed  to  the  study  of  steam, 
and  its  applications  to  produce  power.  For  the  time  there  was  no  other 
known  agent  that  could  compete  with  it.  Gas  extracted  from  coal  had 
not  yet  been  applied  as  a  motive  force  in  engines,  and  experience  had 
shown  that  explosive  powders  were  too  dangerous,  and  too  intermittent  in 
their  action,  to  be  used  with  safety.  The  first  to  design  and  construct  an 
actual  gas  engine  was  John  Barber,  who  took  out  a  patent  (No.  1833)  in 
1791.  Various  circumstances  contributed  to  the  success  of  his  invention. 
The  steam  engine  already  occupied  an  important  position  in  mechanical 
Science,  thanks  to  the  genius  of  Watt,  Newcomen,  Smeaton,  and  others. 
Workmen  had  by  this  time  been  trained,  able  to  turn  out  and  adjust  with 
fair  precision  the  different  parts  of  an  engine,  though  good  tools  were  still 
hardly  to  be  obtained.  The  distillation  of  gas  from  coal  had  already  been 
discovered  by  Dr.  Watson,  though  it  was  not  till  1792  that  Murdoch,  a 
Cornish  engineer,*  applied  it  to  practical  use.     Barber  made  the  gas  re- 

*  The  first  practical  application  of  gas  to  lighting  purposes  was  in  1798  at  the 
Boulton  and  Watt  Soho  Factory  near  Birmingham,  where  Murdoch  was  then 
eraployea. 
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quired  for  his  engine  from  wood,  coal,  oil,  or  other  substances,  heated  in 
a  retort,  from  whence  the  gases  obtained  were  conveyed  into  a  receiver 
and  cooled.  A  pump  next  forced  them,  mixed  in  proper  proportion  with 
atmospheric  air,  into  a  vessel  termed  the  "  Exploder."  Here  they  were 
ignited,  and  the  mixture  issued  out  in  a  continuous  stream  of  flame 
against  the  vanes  of  a  paddle  wheel,  driving  them  round  with  great  force. 
Water  was  also  injected  into  the  explosive  mixture  to  cool  the  mouth  of 
the  vessel,  and,  by  producing  steam,  to  increase  the  volume  of  the  charge. 
Barber's  engine  exhibits  in  an  elementary  form  the  principle  of  what  is 
now  known  as  combustion  at  constant  pressure,  but  it  had  neither  piston 
nor  cylinder. 

Street. — The  next  engine,  invented  by  Robert  Street,  and  for  which 
he  took  out  a  patent  (No.  1983)  May  7th,  1794,  was  a  great  step  in 
advance.  Inflammable  gas  was  exploded  in  a  cylinder  and  drove  up  a 
piston  by  its  expansion,  thus  affording  the  first  example  of  a  practical 
internal  oombiistion  engine.  The  gas  was  obtained  by  sprinkling  spirits 
of  turpentine  or  petroleum  at  the  bottom  of  a  cylinder,  and  evaporating 
them  by  a  fire  beneath.  The  up  stroke  of  the  piston  admitted  a  certain 
quantity  of  air,  which  mixed  with  the  inflammable  vapour.  Flame  was 
next  sucked  in  from  a  light  outside  the  cylinder,  through  a  valve  un- 
covered by  the  piston,  and  the  mixture  of  gas  and  air  ignited.  The  ex- 
plosion drove  up  the  piston,  and  forced  down  the  piston  of  a  pump  for 
raising  water.  In  this  engine  many  modem  ideas  were  foreshadowed, 
especially  the  ignition  by  external  flame,  and  the  admission  of  air  by  the 
suction  of  the  piston  during  the  up  stroke,  but  the  mechanical  details 
were  crude  and  imperfect. 

Iiebon. — A  great  improvement  in  the  practical  application  of  gas 
engines  was  made  by  Philippe  Lebon,  a  French  engineer,  who  obtained  a 
patent,  Sept.  28,  1709,  and  a  second  in  1801.  The  first  was  more  parti- 
cularly intended  to  describe  the  production  of  lighting  gas  from  coal ;  in 
the  latter  he  proposed  to  utilise  this  gas  to  drive  a  piston  in  an  engine 
very  similar  to  that  designed  by  Lenoir,  sixty  years  later.  The  inflammable 
gas  and  "  sufficient  air  to  make  it  ignite  "  were  introduced  separately  into 
the  cylinder  on  both  sides  of  the  piston,  and  the  inventor  proposed  to  fire 
the  mixture  by  an  electric  spark.  The  machine  was  double-acting,  and 
the  explosions  of  gas  took  place  alternately  on  each  side  of  the  piston. 
The  most  striking  peculiarity  of  the  engine  was  the  piston-rod,  working 
not  only  the  motor  shaft,  but  through  it  two  pumps,  in  which  the  gas  and 
air  were  compressed,  before  they  entered  the  motor  cylinder.  Lebon  also 
suggested  that  the  machine  generating  the  electric  spark  should  be  driven 
from  the  motor  shaft.  The  excellent  theoretical  principles  on  which  this 
machine  had  been  designed  were  striking  at  that  early  period,  and  marked 
a  new  era  in  gas  engines.     More  than  sixty  years  elapsed  before  the  great 
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advantages  Lebon  had  so  clearly  understood,  of  compressing  the  gas  and 
air  before  ignition,  were  fully  realised.  The  progress  of  mechanical 
science  was  perhaps  retarded  for  many  years  by  the  assassination  of  this 
skilful  engineer  in  1804,  before  he  had  time  to  perfect  the  details  of  his 
invention.  But  in  any  case  Lebon's  engine  was  too  much  in  advance  of 
the  times  to  have  achieved  immediate  success.  The  manufacture  of  gas 
from  coal  was  still  in  its  infancy,  and  it  was  too  expensive  and  difficult  to 
produce  to  be  used  for  driving  an  engine,  while  electricity  was  at  that 
period  so  imperfectly  understood,  that  the  ignition  of  the  charge  by  an 
electric  spark  was  alone  sufficient  to  condemn  the  motor. 

Brown. — Lebon  had  many  imitators,  especially  in  France,  but  the 
next  to  invent  a  practical  engine  was  an  Englishman,  Samuel  Brown,  who 
took  out  two  patents.  No.  4,874,  in  1823,  and  No.  5,360,  in  1826. 
Brown's  gas  engines  were  the  first  actually  at  work  in  London  and  the 
neighbourhood,  and  also  the  first  in  which  the  pressure  of  the  atmosphere 
was  utilised  as  a"  motive  power.  The  principle  in  both  was  the  same — 
viz.,  to  produce  a  partial  vacuum  in  a  cylinder  by  filling  it  with  coal  gas 
flames,  which  drove  out  the  air;  the  products  of  combustion  were 
instantly  cooled,  and  the  vacuum  thus  obtained  utilised  to  drive  a  piston. 
Instead  of  explosion,  combustion  of  the  gases  was  obtained  by  lighting 
them  at  a  small  flame  as  they  entered  the  cylinder.  The  temperature  of 
the  latter  was  reduced  by  a  water  jacket,  and  water  was  injected  to  help 
the  vacuum.  In  his  first  engine  Brown  employed  two  cylinders  and 
pistons,  connected  by  a  beam.  One  piston  was  driven  down  by  atmo- 
spheric pressure  at  one  end  of  the  beam,  while  the  other,  connected  to 
the  other  end,  was  simultaneously  raised.  Part  of  the  air  escaped 
through  valves  in  the  piston,  and  the  burning  gases  being  instantly 
cooled  by  the  water  injected,  condensation  was  produced,  and  a  vacuum 
formed.  In  his  second  gas  engine  several  cylinders  were  used  to  obtain 
a  continuous  vacuum.  The  working  action  was  the  same,  but  the  air 
escaped  through  the  valve  covers  of  the  cylinders,  which  were  successively 
lifted.  As  in  the  other  engine,  the  gases  were  cooled,  after  combustion, 
by  the  injection  of  water.  These  engines  were,  however,  cumbrous  and 
difficult  to  work,  and  the  expense  of  driving  them  with  coal  gas  soon 
stopped  their  manufacture.  A  drawing  is  given  in  Robinson's  Gas  and 
Petroleum  Engines^  p.  40,  2nd  edition. 

Wright. — The  next  improvement  in  gas  motors  was  the  use  of  a 
governor  to  control  the  speed,  introduced  by  Wright  in  his  vertical 
double-acting  engine,  patented  1833  (No.  6,525).  Wright's  engine  had 
one  cylinder  and  piston,  and  an  explosion  was  obtained  alternately  at 
either  end  of  the  cylinder.  The  piston  and  piston-rod  were  hollow,  and 
the  cylinder  had  a  water  jacket  to  counteract  the  intense  heat  of  the 
double  explosion.     Ignition  was  obtained  by  an  external  flame  and  a 
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touch  hole.  The  gas  and  air  were  alightty  compressed  in  separate 
reservoirs,  before  entering  the  motor  cylinder ;  tlieir  admission  was 
r^ul&ted  by  a  centrifugal  governor,  and  the  richness  of  the  mixture,  or 
the  greater  or  less  quantity  of  gas  passing  the  valve,  varied  with  the 
speed.  The  design  of  this  engine  was  carefully  thought  out,  and  its 
practical  working  debuls  had  not  been  overlooked,  but  it  appears  doubt- 
ful whether  it  was  ever  made. 

Bamett.  —  Five  years  later,  in  1838,  William  Bamett,  another 
Englishman,  took  out  patents  for  three  veridcal  engines.  These  engines 
contained  so  many  novel  and  interesting  features,  and  anticipated  in  so 
many  ways  the  latest  improvements  of  modem  science  that  they  mark  an 
important  advance  in  the  construction  of  gas  motors.*  The  first  (patent 
No.  7,615)  had  one  working  cylinder,  single-acting.  Gas  and  air  were 
drawn  in  and  compressed  by  two  pumps,  and  passed  into  a  receiver  below 
tie  motor  cylinder,  where  they  were  mixed.  During  the  down  stroke  of 
the  pumps,  while  the  charge  was  being  forced  into  the  receiver  at  a 
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pressure  of  about  35  lbs.  per  square  inch,  the  return  stroke  of  the  motor 
piston  was  discharging  the  burnt  gases  through  the  exhaust.  All  three 
pistons  moved  simultaneously  up  and  down.  As  the  motor  piston 
reached  the  bottom  of  its  stroke,  a  valve  at  the  side  opened  communica- 
tion with  the  receiver.  At  the  same  time  a  revolving  ignition  cock 
immediately  above  the  exhaust  fired  the  mixture  issuing  from  the 
receiver,  and  the  burning  gases  entered  the  motor  cylinder  through  the 
admission  port,  and  impelled  the  piston  upwards,  as  the  crank  passed 
the  dead  point. 

The  conical  ignition  cock,  two  views  of  which  are  shown  in  Fig.  1,  is 
well  designed,  and  has  formed  the  type  for  many  similar  arrangements. 

"  A  drawing  of  Burnett's  engine   is  given   in  the   Procetdingi   i^  tht   InM. 
Ifeehankal  Shtgineert,  ISSft. 
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It  consists  of  a  hollow  revolving  plug  A  in  a  shell  B.  There  are  two 
openings,  d  communicating  with  the  outer  air,  and  e  facing  the  cylinder ; 
the  conical  plug  itself  has  only  one  port.  At  the  bottom  of  the  shell  is  a 
gas  jet,  which,  when  lighted,  is,  in  the  centre  of  the  hollow  plug.  As  the 
plug  revolves,  the  slit  in  it  is  brought  opposite  the  port  e  of  the  shell 
communicating  with  the  cylinder,  and  part  of  the  highly-compressed  gases 
passes  into  the  hollow  plug,  and  fires  the  charge.  The  flame  itself  is 
blown  out  by  the  force  of  the  explosion ;  but,  as  the  plug  continues  to 
revolve,  the  slit  is  brought  to  face  port  dy  opening  to  the  atmosphere,  on 
the  outside  of  which  is  a  permanent  second  gas  flame  H.  Here  the  light 
is  rekindled,  each  time  it  is  brought  round  by  the  revolving  plug. 

Bamett's  second  engine  was  double-acting,  but  in  principle  it  re- 
sembled the  first.  The  third  engine  in  its  mechanical  details  differed 
very  little  from  the  gas  motors  now  in  use,  and  modem  inventors  have 
found  it  difficult  to  improve  upon  it  in  theory.  One  defect  of  Bamett's 
former  engines  was  that,  as  the  receiver  or  charging  cylinder  was  never 
swept  out  by  the  piston,  a  portion  of  the  gases  of  combustion  was  not 
displaced  by  the  new  compressed  charge  of  gas  and  air,  but  always 
remained  in  it.  In  Bamett's  third  engine  both  pump  and  receiver  were 
abolished,  and  the  gas  and  air  were  compressed  in  separate  cylinders,  and 
delivered  direct  into  the  motor  cylinder.  The  engine  was  double-acting, 
and  the  compressed  gas  and  air  were  admitted  alternately  to  each  face  of 
the  piston.  The  piston  being  at  the  bottom  of  the  cylinder,  the  com- 
pressed charge  below  it  was  fired  by  the  ignition  cock,  the  piston  drove 
up  the  products  of  combustion  from  the  last  explosion,  and  discharged 
them  during  the  first  half  of  the  stroke  into  the  atmosphere,  through  a 
port  in  the  centre  of  the  cylinder.  As  this  port  was  closed  by  the  piston, 
the  pressure  below  it  fell  to  that  of  the  atmosphere.  The  gas  and  air 
from  the  pumps  were  then  delivered  into  the  top  of  the  cylinder,  and 
further  compressed  by  the  continued  up  stroke  of  the  motor  piston, 
together  with  a  certain  residual  quantity  of  the  gases  of  combustion. 
The  mixture  at  high  pressure  was  fired,  and  the  piston  in  its  descent 
first  forced  out  the  burnt  gases  below  it,  and  compressed  the  remainder 
with  the  fresh  charge  during  the  second  part  of  the  stroke.  At  the 
bottom  of  the  cylinder  a  fresh  explosion  took  place,  and  the  cycle  was 
repeated. 

Bamett  may  justly  claim  the  honour  of  having  been  the  first  to 
introduce  compression  of  the  gas  and  air  in  a  practical  shape,  as  now  used 
in  gas  engines.  Lebon,  it  is  true,  proposed  to  compress  the  mixture 
slightly  before  igniting  it,  but  he  did  not  work  out  the  details,  or  put  his 
method  to  the  test  of  actual  practice.  There  are  three  points  distinguish- 
ing Bamett's  from  previous  engines.  Ignition  was  effected  at  the  dead 
point,  and  gave  an  impetus  to  the  crank  and  piston  during  the  whole 
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forward  stroke ;  the  gas  and  air  were  compressed  before  ignition ;  and 
part  of  the  products  of  combustion  were  utilised  to  increase  the  pressure 
in  the  motor  cylinder.  It  is  generally  admitted,  however,  that  Bamett 
did  not  recognise  the  merit  of  his  own  suggestions.  Experience  has 
shown  that  compression  is  essential  to  economy  in  a  gas  engine,  and 
ignition  at  the  dead  point  is  also  important,  but  Bamett  apparently  used 
both  without  realising  their  value.  Nor  did  he  seem  aware  of  the 
difficulties  of  disposing  of  the  gases  of  combustion,  a  point  on  which  later 
inventors  have  differed  so  widely;  for  although  he  attempted  to  discharge 
the  greater  part,  he  evidently  did  not  regard  the  presence  of  the 
remainder  as  affecting  the  explosion  of  the  mixture.  In  the  opinion  of 
Mr.  Clerk,  insufficient  expansion  was  the  fault  of  the  later  Bamett 
engine,  a  defect  which  it  has  been  found  difficult  to  avoid  in  double- 
acting  motors. 

Two  or  three  smaller  engines  were  designed  during  the  next  twenty 
years,  although  none  of  them  seem  to  have  been  constructed.  In  1841 
Johnston  described  a  motor  in  which  he  proposed  to  introduce  oxygen 
and  hydrogen  gas  into  the  cylinder,  and  fire  them.  The  force  of  the 
explosion  drove  up  the  piston,  and  a  vacuum  was  produced  by  the 
condensation  of  the  gases.  The  same  process  was  repeated  at  the  top  of 
the  cylinder,  and  the  piston  was  forced  down  by  the  fresh  explosion, 
ascending  and  descending  alternately  in  a  vacuum.  The  great  cost  of 
these  gases  was  sufficient  to  condemn  Johnston's  project. 

Between  the  years  1838  to  1860  a  large  number  of  patents  were  taken 
out  both  in  England  and  France,  but  most  of  the  engines  never  advanced 
beyond  the  specification.  Sixteen  patents  were  granted  from  1850  to 
1860,  a  few  of  which  are  described  below,  because,  as  inventions,  they  are 
interesting. 

Drake. — An  ingenious  gas  engine  was  exhibited  by  Dr.  Drake  at 
Philadelphia  in  1843;  the  English  patent  (No.  562)  was  taken  out  in 
1855.  In  this  horizontal  engine  ordinary  lighting  gas  was  used,  mixed 
with  nine  or  ten  times  its  volume  of  atmospheric  air.  Much  care  was 
taken  to  admit  the  mixture  in  proper  proportions,  and  the  supply  of  gas 
was  regulated  by  valves  controlled  by  a  governor.  The  charge. entered 
the  cylinder  at  atmospheric  pressure,  and  was  fired  by  a  small  tube  kept 
at  white  heat  by  an  external  flame.  The  force  of  the  explosion  drove 
out  the  piston,  giving  a  maximum  pressure  of  about  100  lbs.  per  square 
inch ;  the  mean  effective  pressure  during  the  stroke,  with  a  speed  of  60 
revolutions,  and  20  indicated  TBl.F.,*  was  about  36  lbs.  per  square  inch. 
The  cylinder  had  a  water  jacket,  and  the  piston  was  hollow.  The  engine 
was  afterwards  modified,  and  worked  chiefly  with  petroleum. 

*H.P.  =  Horse-Power.  I.H.P.  =■  Indicated  Horse-Power. 

B.H.P.  s  Brake  Horse-Power. 
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An  important  suggestion,  which  has  since  formed  the  baisis  of  many 
successful  engines,  was  made  by  Degrand  in  1858.  He  proposed  to 
compress  the  charge  in  the  cylinder  by  the  motor  piston,  but  the  idea  was 
premature,  and  was  abandoned  at  the  time. 

None  of  these  engines  worked  successfully,  and  many  were  never 
made.  One  cause  of  their  failure,  which  has  not  been  much  noticed  by 
writers  on  the  subject,  was  the  diflSculty  of  procuring  lighting  gas  from 
coal,  except  in  a  few  of  the  large  towns.  The  art  of  distilling  gas  was 
still  in  its  infancy,  and  possibly  few  of  the  early  inventors  foresaw  the 
day  when  gas  would  become  a  household  commodity,  as  easily  obtained, 
even  in  small  villages,  as  water.  Sixty  years  ago  it  was  costly  and 
seldom  available,  and  numerous  substitutes,  none  of  them  very  practical, 
were  proposed.  As  gas  was  more  extensively  made  it  became  much 
cheaper  ;  engineers  saw  in  it  a  new  motive  power,  concentrated  their 
efforts  to  utilise  it,  and  finally  achieved  success.  Another  mistake  made 
by  the  early  inventors  of  gas  motors  was,  that  they  attempted  to  sup- 
plant, instead  of  to  supplement,  the  steam  engine.  They  did  not  perceive 
the  real  advantages  of  the  gas  engine  as  a  motor  for  small  powers,  but 
tried  to  make  economical  engines  up  to  20  H.P.,  or  50  H.P.,  before  the 
constructive  details  were  thoroughly  understood.  A  third  difficulty  in 
constructing  practical  gas  engines  lay  in  the  ignorance  prevailing  on  the 
subject.  They  were  designed  too  much  on  the  lines  of  steam  engines.*^ 
Most  of  the  latter  were  double-€icting,  and  the  inventors  of  the  day  could 
not  divest  their  minds  of  the  idea  that  a  similar  method,  if  adopted  with 
gas,  would  give  the  same  favourable  results.  Experience  has  shown  that 
the  action  of  gas  in  a  cylinder  is  very  different  from  that  of  steam,  and 
that  gas  engines  must  be  differently  designed. 

Barsanti  and  Matteucoi. — At  about  this  period,  however  (1860), 
and  especially  after  the  production  of  the  Lenoir  and  Hugon  engines, 
three  defects  had  come  to  be  recognised  as  the  inevitable  results  of  an 
explosion  at  each  to  and  fro  stroke  of  the  piston.  The  heat  generated 
was  so  great  that  it  had  to  be  carried  off  as  quickly  as  possible,  and,  even 
with  water  jackets  to  the  cylinder,  parts  of  the  engine  sometimes  became 
red  hot.  It  was  also  impossible,  in  a  double-acting  engine,  to  compress 
the  gas  and  air  before  ignition ;  and  lastly,  expansion  of  the  gases  was 
greatly  limited.  The  stroke  of  the  piston  was  too  short  to  utilise  to  the 
full  the  expansive  force  produced  by  the  explosion,  and  the  products  of 
combustion  were  discharged  at  a  pressure  much  above  atmospheric.  In 
this  way  almost  all  the  heat  generated  by  the  ignition  and  explosion  of 
the  gases  was  wasted.  Many  experiments  were  made,  and  many  engines 
constructed,  before  it  was  realised  that  the  greater  the  amount  of  heat 

*  The  present  tendency  in  gas  engine  construction  is  to  approximate  to  steam 
engine  design. 
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ntilieed  by  doing -work  on  the  piston,  the  lower  would  be  the  temperature 
and  pressure  of  the  gases  at  discharg«,  and  the  less  heat  would  be  wasted. 
The  next  engine,  invented  by  t^o  Italians,  Barsanti  and  Matteucci, 
showed  a  better  knowledge  of  the  principles  of  economy.  In  it  a  distinct 
step  in  advance  was  made,  and  an  important  principle  exhibited  for  the 
first  time  in  practice — namely,  the  use  of  a  free  piston,  and  unchecked 
expansion  of  the  charge.  For  this  reason  their  motor  deserves  attention 
and  study,  though,  like  many  others,  it  was  not  a  practical  working 
success. 

Two  patents  were  taken  out  by  Barsanti  and  Matteucci  in  England, 
the  first  in  1854,  the  second  in  1857.  In  the  first  the  free  piston  was 
supplemented  by  a  lower  auxiliary  piston 
immediately  below  it  in  the  same  cylin- 
der. An  outline  drawing  of  the  engine 
is  shown  at  Fig.  2.  A  is  the  cylinder 
and  F  the  motor  piston ;  j>  is  the  auxiliary 
piston,  S  the  flat  slide  valve  actuated 
by  a  lever  F  connected  with  the  rod  E 
of  the  auxiliary  piston,  which  passes 
through  the  bottom  of  the  cylinder.  The 
crossbead  at  E  is  attached  by  two  levers, 
not  shown  in  the  drawing,  to  the  wheel 
D  and  the  crank  J,  driven  from  the 
main  shaft,  hut  not  revolving  so  rapidly. 
As  soon  as  the  free  piston  F  has  reached 

its  lowest  position,  p  begins  to  descend,  ' 

and  air  is  admitted  between  the  two 
pistons  through  the  passages  a,  6,  c  of 
the  slide  valve  8.  As  the  auxiliary 
piston  descends,  the  slide  valve  is  towered 
with  it  by  the  lever  F,  the  air  port  »  is 

,        1  ji     .<  .1  1      FiS'  2. — Barsanti  and  Mattoncci'a 

closed,  and  the  gas  port  d  uncovered,  gas  Atmospheric  Engiae.  1864. 
admitting  gaa  to  the  cylinder  between 

the  pistons  through  d,  b,  and  c.  The  slide  valve  next  shuts  off  d, 
when  the  mixture  is  fired  by  a  series  of  electric  sparks,  the  circuit 
being  put  on  by  the  lever  F.  The  piston  F,  which  has  been  at  a  stand,  is 
now  projected  upwards,  free  of  the  crank  shaft,  and  p  is  forced  still  lower, 
driving  out  the  products  of  combustion  below  it  through  the  openings  i  i 
in  the  bottom  of  the  cyUnder.  The  pressure  in  the  cylinder  beneath  the 
free  piston  is  now  below  atmosphere,  the  valves  i  i  close  automatically, 
the  channel  /  is  uncovered,  and  as  the  piston  rises  communication  is 
established  between  the  contents  of  the  cylinder  above  and  below  the 
piston  p  through  /,  e,  and  b.     The  working  piston  descends  in  the 
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vacuum,  driving  out  the  exhaust,  and  the  same  process  is  repeated.     This 
is  the  first  instance  of  the  slide  valve,  afterwards  much  used. 

The  arrangement  of  the  catch  is  novel  and  ingenious.  The  rod  of  the 
free  piston  P  carries  a  rack,  and  as  soon  as  the  piston  begins  to  descend , 
the  rack  gears  into  the  toothed  wheel  L,  running  loose  on  the  main  shaft 
K.  The  wheel  L  has  a  pawl  C.  As  the  rack  falls,  and  drags  L  round  to 
the  right,  the  spring  8  presses  the  pawl  C  into  the  teeth  of  the  ratchet 
wheel  B,  which  is  keyed  on  to  the  main  shaft  K,  and  causes  B  and  there- 
fore K  to  rotate  to  the  right.  When  the  piston  rises  the  main  shaft 
continues  to  turn  to  the  right,  but  the  movement  of  the  wheel  L  is 
reversed ;  it  revolves  to  the  left  with  the  up  stroke  of  the  piston,  and  C, 
slipping  past  B,  loses  connection  with  the  main  shaft. 

In  the  second  engine  patented  by  Barsanti  and  Matteucci  the 
auxiliary  piston  was  abolished,  the  slide  valve  was  worked  by  a  valve- 
rod,  and  the  details  were  much  simplified.  There  was  an  auxiliary  as 
well  as  a  motor  shaft,  both  having  pawls  acting  upon  the  rack.  In  both 
engines  a  much  better  and  freer  expansion  was  afforded  to  the  combust- 
ible gases  than  had  hitherto  been  obtained.  In  fact  there  was  no  check 
to  their  expansion,  except  the  weight  of  the  piston,  <kc.  But,  notwith- 
standing its  excellent  cycle,  this  motor  was  never  in  the  market,  probably 
because  the  working  details  and  the  mechanism  were  defective.  That 
the  main  lines  on  which  it  was  constructed  were  good,  is  proved  by  the 
fact  that  they  were  adopted  and  successfully  put  in  practice  by  Otto  and 
Langen,  though  the  German  engineers  appear  to  have  designed  their 
motor  independently.  The  fundamental  principle  of  the  Barsanti  and 
Matteucci  engine,  to  utilise  the  whole  force  of  the  explosion  in  as  com- 
plete expansion  as  possible,  was  excellent,  and  has  not  been  improved 
upon.  Few  modem  inventors  have  been  able  to  approach  as  closely  the 
conditions  of  a  perfect  theoretical  cycle. 

About  the  year  1860  the  importance  of  the  gas  engine  had  become 
widely  recognised.  Great  as  was  the  perfection  to  which  steam  engines 
had  been  brought,  it  was  felt  that  they  did  not,  and  could  not,  supply 
the  various  requirements  for  an  economical  motor.  The  necessity  for 
some  other  kind  of  engine  had  already  been  pointed  out  by  Cheverton 
in  1826.  In  a  letter  to  the  Mechanic* 8  Magaztne  he  says — "  It  has  long 
been  a  desideratum  in  practical  mechanics  to  possess  a  power  engine, 
which  shall  be  ready  for  use  at  any  time,  capable  of  being  put  in  motion 
without  any  extra  consumption  of  means,  and  without  a  loss  of  time 
in  its  preparation.  These  qualities  would  make  it  applicable  in  cases 
where  but  a  small  power  is  wanted,  and  only  occasionally  required. 
They  are  so  numerous,  and  the  consequent  saving  of  human  strength 
would  be  so  great,  that  the  advantages  accruing  to  society  would  be 
immense,  if  even  the  current  expense  were  much  greater  than  that  of 
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steam."    No  words  could  better  describe  the  advantages  of  the  gas 
engine. 

Application. — In  the  history  of  gas  motors  three  periods  may  be 
distinguished — 1,  Invention;  2,  Application;  3,  Theoretical  and  prac- 
tical improvement.  The  first,  the  period  of  invention,  was  over.  Hydro- 
gen, inflammable  powder,  and  other  explosives  were  no  longer  used  in 
engine  cylinders,  and  gas  was  already  recognised  as  the  most  suitable 
medium,  next  to  steam,  for  utilising  heat  as  a  motive  power.  In  the 
construction  of  the  gas  engine,  much  had  been  achieved  by  mechanical 
ingenuity.  All  the  parts  had  been  designed,  and  the  details  thought  out. 
Scarcely  a  single  improvement  has  been  suggested  in  modem  engines 
which  may  not  be  found  in  the  drawings  of  Lebon,  Barber,  Street,. 
Bamett,  and  others.  In  the  words  of  Professor  Witz — "  The  gas  motor 
had  been  invented  ;  the  problem  was  how  to  make  it  a  working  success."" 
It  is  here  that  we  enter  on  the  second  period,  that  of  Application.  That 
time,  too,  has  now  passed.  Practical  experience  has  long  been  brought 
to  bear  on  the  construction  of  the  gas  engine,  but  the  maximum  utilisa- 
tion of  the  heat  is  still  a  problem  of  the  future. 

Lenoir. — From  this  point  of  view,  the  honour  of  having  invented 
and  introduced  the  first  practical  working  gas  engine  justly  belongs  to 
Xienoir.  His  specifications  set  forth  no  new  features,  but  he  was  able, 
not  only  to  make  his  engine  work,  which  no  one  had  hitherto  succeeded 
in  doing,  but  to  work  rapidly,  silently,  and,  as  at  first  supposed,  more 
economically  than  steam.  Cost  and  space  were  reduced  by  the  absence 
of  a  boiler,  and  nothing  could  apparently  be  simpler,  nor  better  suited  to 
drive  machinery  of  every  kind,  than  the  new  motor.  Its  success  was 
undoubted,  and  every  one  was  eager  to  use  it.  It  was  made,  however,, 
at  a  time  when  very  little  was  known  of  the  theory  of  the  gas  engine, 
its  action  was  imperfectly  understood,  and  the  economy  with  which  the 
new  motor  was  credited  was  soon  found  to  be  a  fallacy. 

Lenoir  took  out  his  first  patent  in  France,  Jan.  24,  1860;  in  Eng- 
land, No.  335,  Feb.  8,  1860.  The  engines  were  made  by  M.  Hippolyte 
Marinoni,  a  French  engineer,  whose  mechanical  skill  undoubtedly  con- 
tributed to  their  success.  During  the  first  year  one  was  constructed  of 
6  H.P.  and  another  of  20  H.P.,  and  so  great  was  the  demand  that,  in 
five  years,  between  three  and  four  hundred  motors  were  made  in  France, 
and  a  hundred  in  England.  The  construction  of  these  was  undei*taken 
by  the  Heading  Iron  works  in  England,  and  the  Compagnie  Lenoir  at 
Paris ;  in  1863  the  patent  of  the  latter  was  acquired  by  the  Compagnie 
Parisienne  de  Gaz. 

The  usual  reaction  from  undue  praise  and  indiscriminate  adoption 
of  the  new  engine  followed.  The  chief  cause  of  its  sudden  fall  in  popular 
esteem  was  the  discovery  that  it  consumed  much  more  gas  than  it  was 
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said  to  do.  In  practice,  from  88  to  105  cubic  feet  of  Paris  gas  were 
burnt  in  the  Lenoir  engine  per  H.P.  per  hour.  A  brake  experiment 
gave  a  mean  of  nearly  106  cubic  feet,  and  this  was  about  the  average 
consumption  for  small  powers.  The  quantity  of  water  required  for  the 
cooling  jacket  was  considerable.  The  heat  generated  was  so  great  that 
unless  the  engine  was  copiously  oiled  the  working  parts  were  injured, 
and  it  was  brought  to  a  stand.  Hence  it  was  sarcastically  said  that  "  the 
Lenoir  motor  did  not  require  heating,  but  oiling." 

The  sweeping  condemnation  bestowed  upon  these  engines  was  hardly 
justified,  for  they  possessed  many  advantages,  which  were  as  completely 
overlooked  as  their  defects  had  been  at  first.  They  were  easy  to  trans- 
port, to  fix,  and  to  set  to  work,  and,  when  constructed  for  small  powers, 
were  very  useful  in  many  cases  for  superseding  manual  labour.  They 
could  be  started  at  a  moment's  notice,  and  when  not  running,  no 
expense  for  gas  was  incurred,  while  they  have  hardly  been  surpassed 
for  silent,  smooth,  and  regular  working.  But  these  were  not  the  chief 
merits  of  the  Lenoir  engine.  It  was  the  first  to  compete  with  steam 
for  small  powers,  and  to  familiarise  the  public  with  the  idea  of  obtaining 
motive  power  from  gas.  The  advantages  of  these  motors  were  so  great 
and  so  patent  that,  when  the  Lenoir  was  gradually  superseded,  it  was 
replaced  by  other  engines  driven  by  gas.  Its  very  defects  acted  as  a 
stimulus  to  fresh  eflForts,  and  kept  the  subject  before  the  minds  of  in- 
ventors. Once  accustomed  to  the  easy  action  of  the  gas  engine,  in  which 
it  was  only  necessary  to  turn  a  valve  on  the  gas  main,  and  another  on 
the  water  supply,  to  set  the  machine  in  motion,  many  people  refused 
to  return  to  the  laborious  process  of  generating  steam  in  a  boiler. 

Lenoir  was  himself  fully  alive  to  the  faults  of  his  engine,  and 
continually  studied  to  overcome  them,  but  he  started  from  a  wrong 
basis.  He  attributed  the  extravagant  consumption  of  gas  to  the  rapidity 
of  explosion,  which  affected  the  action  of  the  engine  injuriously,  by 
producing  a  sudden  rise  and  fall  in  the  pressure.  In  common  with 
later  inventors,  he  endeavoured  to  diminish  the  force  of  the  explosion, 
and  to  obtain  a  slower  combustion  of  the  gases  by  stratification,  and  in 
a  second  patent.  No.  107,  1861,  he  proposed  to  inject  a  little  water 
into  the  cylinder  for  this  purpose.  The  injection  of  steam  into  a  gas 
engine  cylinder  has  since  been  often  suggested,  and  put  in  practice; 
the  subject  will  be  considered  later  on.  Lenoir  himself  does  not  seem 
to  have  carried  out  his  proposal. 

The  much  vaunted  and  much  abused  Lenoir  gas  engine  resembled 
in  construction  a  double-acting  horizontal  steam  engine,  and  the  gas 
was  ignited  electrically.  Gas  and  air  were  admitted  at  both  ends, 
drawn  in  by  the  piston  during  the  first  part  of  the  stroke,  then  fired 
and  expanded.     Admission  of  the  charge  was  cut  off,  either  at  half- 
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stroke  or  a  little  later.  As  ignition  with  the  electric  spark  was  some- 
times retarded,  it  occasionally  happened  that  the  piston  had  passed 
through  a  considerable  portion  of  the  stroke  before  explosion  occurred, 
and  incomplete  expansion  was  the  result.  The  cylinder,  both  covers, 
and  the  chamber  into  which  the  gas  was  admitted,  were  water-jacketed, 
and  the  circulating  water  was  used  over  and  over  again. 

In  the  original  drawing  of  the  engine,  shown  at  Fig.  3,  A  is  the 
motor  cylinder,  in  which  is  the  piston  P.  The  piston-rod  works  the 
connecting-rod  C,  and  crank  shaft  K,  through  the  crosshead  D.  Two 
eccentrics,  G  and  H,  on  the  crank  shaft  work  two  flat  valves,  S  and  S\ 
on  either  side  of  the  cylinder.  The  slide  valves  S  S  admit  gas  and  air 
into  the  cylinder,  and  those  at  S^  S^  allow  the  products  of  combustion 
to  escape.  The  latter  each  contain  one  exhaust  poi*t;  and  these  are 
brought  into  line  with  the  exhaust  openings  shortly  before  the  end  of 
the  stroke,  to  discharge  the  gases  of  combustion,  and  close  over  them  as 
the  fresh  mixture  enters.  Through  the  exhaust  ports  the  gases  pass 
into  a  discharge  pipe,  and  thence  into  the  atmosphere.  The  slide  valves 
S  S  perform  the  functions  of  admission  and  distribution,  and  the  two 
chambers  LL  are  filled  with  gas.  These  valves  are  made  with  small 
cylindrical  holes  -^  inch  in  diameter,  alternating  with  larger  apertures 
^  inch  by  |  inch  diameter.  The  gas  enters  from  L  through  these  holes, 
^while  the  air  is  admitted  through  the  ends  of  the  slide  valves,  which  are 
open  to  the  atmosphere,  and  passes  through  the  apertures  in  the  pro- 
portion of  about  1  of  gas  to  12  of  air.  This  arrangement  of  comb-shaped 
grooves  and  passages  is  continued  throughout  the  whole  thickness  of 
the  slide,  and  the  effect  is  to  cause  the  gas  and  air  to  flow  to  the  cylinder 
in  separate  streams.  By  thus  forcing  them  to  enter  without  mingling,  a 
better  stratification  of  the  charge  was  supposed  to  be  obtained,  but  this 
appears  doubtful.  At  either  end  of  the  cylinder  is  a  small  projection  at 
b  and  b\  to  which  wires  are  attached  from  the  coil  and  electric  battery  M. 

The  action  of  the  engine  is  as  follows : — The  exhaust  valves  being 
closed  when  the  piston  is  at  the  extreme  end  of  the  stroke,  as  shown 
in  the  drawing,  the  energy  of  the  flywheel  is  sufficient  to  carry  it  for- 
ward. The  air  port  (which  is  very  large  to  prevent  throttling)  is  already 
slightly  open,  the  gas  valve  now  opens,  and  the  charge  is  mixed  in  the 
main  port  of  valve  S,  before  being  drawn  into  the  cylinder  by  tlie  for- 
ward stroke  of  the  piston.  Meanwhile  the  pressure  on  the  other  side 
of  the  piston  has  been  reduced  to  that  of  the  atmosphere.  Before  the 
admission  valve  is  completely  closed  the  electric  spark  fires  the  mixture, 
and  the  piston  is  thus  propelled  forward  to  the  end  of  the  stroke,  the 
pressure  rising  to  5  or  6  atmospheres,  but  the  action  of  the  water  jacket 
cools  the  cylinder,  and  reduces  the  pressure.  The  exhaust  valve  has  a 
slight  lead,  and  opens  a  little  before  the  end  of  the  stroke,  allowing  the 
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gases  of  combustion  to  escape  at  a  pressure  of  1-5  to  TS  atmosphere. 
The  same  process   is   repeated   during   the   return    stroke.      A  certain 


proportion  of   the   gases  of   combustion  is  always  left  in  the  cylinder, 
but  their  pressure  ia  low,  and  the  clearance  spaces  are  very  small.     The 


HISTORY  OF  THE  GAS  ENGINE.  33 

temperatnre  of  the  escaping  gases  is  given   by  Professor  SchotUer  at 
about  200°  C.     In  an  experiment  by  Tresca  it  was  220°  C. 

Fig.  ,4  gives  a  sectional  plan  of  the  cylinder,  in  which  the  admiasion 
of  gas  and  air  are  slightly  modified ;  the  parts  are  lettered  as  in  Fig.  3. 
Here  the  main  admission  port  ia  open  to  the  atmosphere,  and  is  covered 
with  a  perforated  brass  plate,  which  extends  downwards,  so  as  also  to 
cover  the  gas  port.  As  the  gas  enters,  it  is  forced  to  pass  up  and  down 
through  amalt  holes  in  the  metal  plates,  and  to  mix  thoroughly  with  the 
air  before  entering  the  main  port,  but  this  arrangement,  like  that  already 
described,  was  not  found  to  work  quit*  satisfactorily. 


Fig.  4, — Lenoir  Engine — Section  of  Cylinder.     ISOO. 

Like  most  of  the  early  gas  engines,  the  Lenoir  was  ignited  by  an 
electric  spark,  as  shown  at  M,  Fig.  3.  A  battery  with  two  Bunsen  cells, 
connected  by  a  Ruhmkorff  induction  coil  and  an  electric  hammer,  pro- 
duces a  continuous  stream  of  sparks.  The  contact  maker  N  is  in 
connection  with  the  crosshead  D  and  piston-rod,  through  which  the 
negative  current  passes,  and  the  mass  of  the  engine  is  negative.  The 
positive  current  passes  through  wires  insulated  in  porcelain  tubes,  lead- 
ing from  the  two  ends  of  the  contact  maker  to  the  two  projecting  points, 
b  and  6j,  at  each  end  <rf  the  cylinder.  Contact  is  formed  alternately 
between  them  by  a  projection  moved  to  and  fro  by  the  crosshead.* 

The  speed  of  the  engine  was  regulated  in  the  ordinary  way  by  a 
centrifugal  governor  acting  on  the  gas  admission  valve,  and  the  supply  of 
gas  was  wholly  cut  off,  as  soon  as  the  speed  exceeded  the  normal  limits. 
The  oiling  was  always  defective.  Ordinary  lubrication  by  hand  was  at 
first  used,  but  this  was  soon  found  inauflicient  to  counteract  the  great 

*  la  the  Lenoir  Engine,  aa  tben  mode  at  the  Reading  Iron  Works,  this  electricaj 
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heat  generated  in  a  double-acting  gas  engine.  The  piston  frequently 
became  red  hot  and  heated  the  incoming  charge  before  ignition,  a  defect 
which  later  inventors  have  always  carefully  endeavoured  to  avoid ;  and 
the  temperature  was  so  high  that,  unless  frequently  and  copiously  oiled, 
the  engine  would  not  work. 

It  was  always  less  difficult  to  start  a  non-compressing  gas  engine  fired 
electrically  than  a  compression  engine,  and  the  Lenoir  motor  was  very 
easily  set  in  motion.  The  flywheel  was  turned  by  hand,  and  the  piston 
moved  forward,  drawing  in  the  explosive  mixture.  At  the  same  moment 
electric  contact  was  established,  a  spark  fired  the  charge,  and  the  explosion 
drove  out  the  piston  over  the  dead  point,  after  which  the  engine  worked 
automatically. 

The  earliest  trials  on  record  of  any  gas  motor  are  those  made  by 
Tresca  in  1861  on  the  Lenoir  engine.  The  first  experiments  were  on  an 
engine  of  J  H.P.  with  a  speed  of  130  revolutions  per  minute.  The 
proportion  of  gas  to  air  was  one-tenth,  the  maximum  pressure  obtained 
4*87  atmospheres,  the  consumption  of  Paris  gas  was  112  cubic  feet  per 
H.P.  per  hour.  In  a  second  trial  of  a  1  H.P.  engine,  the  quantity  of  gas 
used  was  reduced  to  96  cubic  feet  per  H.P.  per  hour,  or  about  five  times 
the  average  present  consumption.  The  maximum  pressure  in  the  cylinder 
was  4'36  atmospheres,  number  of  revolutions  94,  and  the  proportion  of 
gas  to  air  1  to  7^.  In  both  engines  more  than  half  the  total  heat  was 
carried  off  in  the  water  jacket,  and  Tresca  calculated  that  only  4  per  cent, 
was  utilised  in  useful  work,  the  remainder  being  discharged  with  the 
exhaust  gases.  Other  experiments  were  made  by  Lebleu,  Eyth,  and 
Auscher,  and  by  Mr.  Blade  in  America.  Fig.  6  shows  an  indicator 
diagram  of  the  Lenoir  engine. 


Fig.  5. — Lenoir  Engine — Indicator  Diagram  (Slade).     1860. 

Twenty-five  years  later  Lenoir,  who  was  incessantly  endeavouring  to 
perfect  his  invention,  brought  out  a  single-acting  compression  engine, 
using  the  Beau  de  Rochas'  four-cycle.  It  will  be  described  among 
modern  motors. 

The  success  of  the  Lenoir  engine  produced  a  host  of  imitators  and 
rivals,  several  of  whom  set  up  a  prior  claim  to  the  invention.  Keithmann, 
a  watchmaker  at  Munich,  declared  that  he  had  designed  an  engine  similar 
to  Lenoir^s,  for  which  he  had  taken  out  a  patent,  September  11, 1858.  It 
was  described  in  the  "  Bayerische  Kunst-  und  Gewerbeblatt,"  but,  if  ever 
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made,  it  never  reached  a  practical  stage.  A  more  formidable  opponent 
was  Hugon,  the  Director  of  the  Paris  Gas  Company,  whose  original 
patent  also  dates  from  September  11,  1858.  It  is  certain  that  Lenoir 
worked  independently,  and  that  his  invention  as  a  practical  engine  was 
the  first  in  the  market. 

Hugon. — Hugon's  vertical  gas  engine  did  not  appear  till  1862,  and 
he  soon  abandoned  it  in  favour  of  a  direct-acting  engine  similar  in 
principle  to  Lenoir's,  which  he  patented  in  France  in  1866  (No.  66,807). 


C    CasHeserve 


Fig.  6.— Hugon  Gas  Engine— Vertical.     1862. 

Flame  ignition  was  substituted  for  electricity,  and  a  small  quantity  of 
water  was  injected  into  the  cylinder  at  every  stroke.  The  fiame  was 
carried  to  and  fro  in  a  cavity  inside  a  slide  valve,  and  the  engine  afforded 
the  first  practical  illustration  of  this  method  of  ignition,  afterwards  so 
generally  used.  The  consumption  of  gas  was  still  very  high,  and  the 
engine  did  not  find  much  favour,  even  in  France. 

In  this  vertical,  single-cylinder,  double-acting  motor,  air  and  gas  at 
atmospheric  pressure  are  admitted,  as  in  the  Lenoir,  on  both  sides  of 
the  piston.     The  piston  P  and  piston-rod  in  cylinder  A  drive  the  shaft 
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through  a  forked  oonnecting-rod  and  crank,  as  shown  in  Fig.  6,  taken 
from  Schottler^s*  careful  description  of  the  engine.  An  eccentric  on  the 
same  shaft  works  the  rubber  gas  reservoir  C,  from  which  the  gas  is 
pumped  under  slight  pressure  through  the  pipe  a  to  the  cylinder.  A 
smaller  gas  reservoir  D  supplies  gas  for  the  ignition  flames.  The  valve- 
rod,  actuated  by  a  second  eccentric  on  the  crank  shaft,  works  the  two 
admission  valves  S  and  S^.  A  small  pump  B  is  driven  from  it,  and 
injects  water  into  the  cylinder  through  the  supply  pipe  d  and  the  small 
openings  d^  and  d^*  The  main  slide  valve  S  has  five  openings — e  and  6^, 
the  igniting  ports  containing  the  two  gas  jets  for  lighting  the  mixture  at 
each  end  of  the  cylinder ;  g  and  g^^  the  admission  ports  which  receive  the 
mixture  of  gas  and  air  from  the  tube  a,  through  the  openings  in  the 
auxiliary  slide  S^ ;  and  h,  the  exhaust  valve  discharging  through  K  into 
the  atmosphere.  In  the  second  and  smaller  slide  valve  S^,  there  are  only 
two  ports  for  opening  communication  between  the  main  slide  valve  and 
the  gas  reservoir  C,  and  by  its  action  the  sudden  admission  and  cut-off  are 
obtained,  which  form  a  principal  feature  of  the  Hugon  engine  ;  /  and  f^ 
are  permanent  gas  jets  to  rekindle  the  flame  at  e  and  e^  when  blown  out, 
as  it  is  each  time,  by  the  force  of  the  explosion.  There  are  two  main 
ports,  serving  alternately  for  admitting  the  charge  to  the  cylinder  and 
igniting  it,  and  for  discharging  the  gases  of  combustion  into  the  exhaust  ; 
this  arrangement  has  since  been  altered.  , 

The  action  of  the  engine  is  as  follows : — When  the  piston  is  at  the  top 
of  its  stroke  and  begins  to  descend,  the  principal  slide  valve  S  is  driven 
down,  and  the  port  g  comes  immediately  opposite  the  upper  main  cylinder 
port,  forming  a  connection  between  it  and  a  port  in  the  outer  slide  valve 
Sp  admitting  gas  and  air  from  C  through  a.  At  this  part  of  the  stroke, 
the  position  of  the  slide  valves  is  the  following : — The  light  at  e  is  in 
process  of  kindling  by^*,  g  is  opening  on  to  the  main  port,  while  at  the 
bottom  of  the  piston  the  products  of  the  last  explosion  are  discharging 
through  h  into  the  exhaust.  The  port  g  being  much  smaller  than  the 
main  port,  the  supply  of  gas  and  air  through  S^  is  soon  cut  off,  but  the 
communication  of  g  with  the  main  port  is  still  open  when  the  slide  is 
suddenly  driven  down  by  the  movement  of  the  eccentric  on  the  shaft. 
The  gas  flame  e  is  brought  opposite  the  inflammable  mixture,  and  spreads 
through  it,  and  back  into  the  admission  port.  Explosion  takes  place 
when  the  piston  has  passed  through  about  four-tenths  of  the  stroke,  and 
drives  it  down  through  the  remainder.  The  piston  and  slide  valve  now 
begin  to  rise,  and  the  same  process  is  repeated  at  the  lower  end  of  the 
piston  and  cylinder.  As,  however,  the  vaive  in  its  upward  progress  must 
again  cross  the  admission  passages  in  slide  S^  before  reaching  the  top  of 
the  cylinder,  gas  and  air  would  be  admitted  at  the  wrong  moment,  and 

*  Schottler,  Die  Oaa  Maschinet  2nd  edition,  p.  23. 
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rapid  admission  and  cutoff  could  not  be  obtained,  unless  this  valve  were 
closed.  It  is  driven  down  by  the  pin  projecting  from  the  main  valve, 
which  catches  and  carries  it  in  the  same  direction.  A  spring  then  holds 
it  in  position,  and  does  not  release  it  until  the  slide  S  has  begun  to 
return.  The  engine  was  tested  by  Tresca  in  1866-67.  Fig.  7  gives  an 
indicator  diagram  of  a  trial  by  Mr.  Clerk. 

ik&pr<euw% 


Fig.  7. — Hugon  Engine^Indicator  Diagram.     1862. 

Siemena. — About  this  time  the  subject  of  heat  motors  engaged  the 
attention  of  Sir  William  Siemens,  and  he  took  out  several  patents  for  gas 
and  hot  air  engines.     His  regenerative  engine  is  described  in  Chap,  xviii. 

The  defect  of  both  the  Hugon  and  Lenoir  engines  was  the  large 
consumption  of '  gas  in  proportion  to  work  done.  This  extravagance 
checked  the  sale  of  these  engines,  and  they  ceased  to  be  extensively  made, 
even  before  others  had  been  invented  to  take  their  place.  Their  failure 
was  attributed  to  want  of  stratification.  Inventors  long  thought  it 
possible  to  distribute  the  admission  of  the  charge  in  such  a  way  that  the 
gas  and  air  were  introduced  either  in  separate  layers  or  thoroughly 
mixed.  Both  Lenoir  and  Hugon  were  of  opinion  that  the  shock  given 
by  the  explosion  was  too  violent,  and  needed  to  be  weakened.  These 
erroneous  notions  were  gradually  abandoned,  and  the  real  reasons  of  the 
want  of  economy  were  at  last  perceived — namely,  insufficient  expansion, 
and  the  absence  of  compression. 

Schmidt — Million. — In  1861  Gustave  Schmidt,  in  a  paper  submitted 
to  the  Institution  of  German  Engineers,*  declared  that  more  favourable 
results  would  be  obtained,  greater  expansion,  and  better  transformation 
of  the  heat  of  combustion  into  work,  if  the  gas  and  air  were  previously 
compressed  to  two  or  three  atmospheres.  In  the  same  year  Million 
either  re-discovered  or  was  the  first  to  apply  Lebon's  and  Barnett's  idea 
of  previous  compression  of  the  gas  and  air  by  means  of  a  separate  pump. 
His  proposals  helped  to  develop  the  theory  of  the  gas  engine,  but  he  does 
not  seem  to  have  put  them  into  practice. 

Thus  the  principle  of  compressing  the  charge  of  gas  and  air  in  an 
engine  before  ignition  had  already  been  foreshadowed,  when  a  very 
remarkable  descriptive  patent  upon  the  subject  appeared  in  France  in 
1862  by  M.  Beau  de  Rochas.     Hitherto  the  construction  of  gas  engines 

*  Zeitschrifi  des  Vereines  deutscher  Inginieurtf  1861,  p.  217. 
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had  not  been  designed  and  worked  out  on  a  scientific  basis.  Inventors 
did  not  fully  understand  the  effect  of  the  different  operations  they 
proposed  to  carry  out.  They  were  ignorant  of  the  reason  why  one 
engine  gave  more  economical  results  than  another,  and  what  methods 
should  be  adopted  to  control  the  extravagant  consumption  of  gas.  They 
were  ready  to  recognise,  without  being  able  to  remedy,  the  defects  of 
their  engines.  Nor  were  study  and  perseverance  wanting.  Many  of  the 
earlier  gas  motors  were  the  result  of  much  labour  and  repeated  experi- 
ments, and  failed  only  for  lack  of  a  scientific  comprehension  of  the 
subject. 

Beau  de  Boohas. — The  real  reasons  of  the  uneconomical  working 
in  the  Lenoir  and  other  motors  were  want  of  compression,  incomplete 
expansion,  and  loss  of  heat  through  the  walls.*  In  both  the  Lenoir  and 
Hugon  engines  the  pressures  in  the  cylinder  were  always  low  and  diffi- 
cult to  maintain,  and  this  showed  that  the  pressure  generated  by  the 
explosion  alone  was  insufficient,  and  must  be  increased  by  previous  com- 
pression of  the  charge.  Time  was  also  lost  in  obtaining  an  explosion, 
and  the  heat,  applied  too  late  to  the  gas,  was  speedily  dissipated,  some 
of  it  going  to  heat  the  jacket  water,  and  some  being  discharged  at  exhaust. 
M.  Beau  de  Rochas,  a  French  engineer,  was  the  first  to  formulate  a  com- 
plete theory  of  the  cycle  of  operations  which  ought  to  be  carried  out  in 
a  gas  engine,  to  utilise  more  completely  the  heat  supplied.  Four  con- 
ditions were  laid  down  by  him  as  essential  to  efficiency — 

I.  The  largest  cylindrical  volume,  with  the  smallest  circumferen- 
tial surface. 

II.  Maximum  speed  of  piston. 

III.  Greatest  possible  expansion. 

IV.  Highest  pressure  at  the  beginning  of  expansion. 

These  working  conditions  are  now  generally  admitted  to  be  necessary, 
but  at  that  time  they  created  a  revolution  in  the  study  of  the  gas  engine. 
The  first  shows  the  reason  why  the  consumption  of  gas  was  so  much 
greater  in  small,  as  compared  with  larger  engines.  On  this  subject 
Mr.  Dugald  Clerk  says,  "As  an  engine  increases  in  size,  the  volume  of 
gaseous  mixture  used  increases  as  the  cube,  while  the  surface  exposed 
only  increases  as  the  square ;  so  that  the  proportion  of  volume  of  gaseous 
mixture  used  to  surface  cooling  is  less,  the  larger  the  engine." 

In  the  second  and  third  conditions  increased  expansion  and  speed  are 
insisted  on.  It  was  already  known,  or  at  least  surmised,  that  unless  the 
gases  were  as  completely  and  quickly  expanded  as  possible,  much  of  the 
energy  genei'ated  in  the  explosion  was  wasted.     Only  a  small  proportion 

*  The  two  latter  defects,  although  to  a  certain  extent  controllable,  are  found 
more  or  less  even  in  modern  gas  motors. 
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was  expended  on  the  pinton  in  doing  work,  and  the  gases  escaped  at  too 
high  a  pressure.  It  was  evident  also,  since  small  cylinder  wall  surfaces 
were  desirable,  that  the  more  rapidly  the  piston  performed  its  stroke, 
the  leas  time  were  the  hot  gases  exposed  to  their  action.     "  Other  things 


Fig.  8. — Gas  Engine  Pioneera. 

being  equal,"  says  Beau  de  Rochas,  "  the  slower  the  speed  the  greater 
the  cooling."  JUoreover  the  higher  the  speed  of  the  piston,  the  more 
rapid  will  be  the  expansion. 

In  Beau  de  Bochas'  fourth  condition  a  principle  was  embodied  which 
contaiDS  the  essence  of  the  question,  and  the  true  secret  of  economy  in 
a  gas  engine.  The  utilisation  of  the  elastic  force  of  the  gases  by  pro- 
longed expansion  depended  upon  the  high  pressure  of  the  charge,  and 
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this  pressure  could  not  be  realised  unless  the  gas  and  air  were  compressed 
previous  to  ignition.  Compression  was  to  be  effected  while  the  gases 
were  cold,  and  the  heat  thus  applied  prolonged  the  expansion  by  increash 
ing  their  pressure.  By  thus  compressing  the  particles,  an  originally 
larger  volume  o^  the  charge,  containing  more  gas,  can  be  introduced  per 
stroke  into  the  cylinder,  and  the  pressure  of  explosion  considerably 
raised.  The  advantages  of  compression  are  shown  by  the  fact  that  the 
greater  the  pressui^,  and  the  more  instantaneous  the  admission,  the 
greater  the  economy  within  certain  limits. 

Beau  de  Hochas'  Cycle. — To  obtain  these  results  Beau  de  Eochas 
considered  it  necessary  to  use  one  cylinder  only,  first,  that  it  might  be 
as  large  as  possible,  and  secondly,  to  reduce  the  piston  friction.  In  this 
cylinder  the  following  cycle  was  to  be  carried  out  in  four  consecutive 
piston  strokes : — 

I.  Drawing  in  the  charge  of  gas  and  air. 
II.  Compression  of  the  gas  and  air. 

III.  Ignition  at  the  dead  point,  with  subsequent  explosion  and  ex- 
pansion. 

IV.  Discharge  of  the  products  of  combustion  from  the  cylinder. 

By  ignition  of  the  charge  at  the  dead  point,  the  crank  obtained  the 
benefit  of  the  impulse  communicated  by  explosion  and  expansion  during 
the  whole  of  a  forward  stroke.  This  was  not,  however,  the  object 
specially  aimed  at  by  Beau  de  Kochas.  He  proposed  to  compress  the 
gases  to  such  an  extent  that  they  ignited  spontaneously  at  the  dead  point. 
In  almost  all  modem  gas  engines  ignition  at  the  dead  centre  is  now  con- 
sidered essentia],  though  it  has  generally  been  found  difficult  to  ignite 
the  gases  by  compression  only.  Each  of  the  four  operations  generally 
requires  one  stroke  of  the  piston,  though  in  some  cases  compression  is 
obtained  in  a  separate  pump. 

This  cycle,  known  as  the  four-cycle  of  Beau  de  Rochas,  is  the  one 
now  chiefly  used  in  gas  motors.     It  differs  from  that  of  Camot  because 
it  is  not  a  perfect  or  theoretical,  but  a  practical,  cycle.     Many  improve- 
ments have  been  effected  in  the  mechanism  of  the  gas  motor,  but  they 
have  all  been  founded  on  the  sequence  of  operations  and  the  working 
conditions  described  by  Beau  de  Rochas.     Next  to  compression,  the  most 
valuable  innovations  introduced  by  him  were,  carrying  out  all  the  opera- 
tions in  a  single  motor  cylinder,  and  ignition  at  the  dead  point.     But 
like  many  other  scientific  innovators,  Beau  de  Rochas  was  in  advance  of   / 
his  time.     Fifteen  years  elapsed  before  what  Professor  Witz  aptly  calls  / 
"  the  programme  traced  of  what  ought  to  be  attempted  "  was  actually ' 
adopted,  although  now  its  merit  is  universally  recognised  and  the  cyclei » 
employed. 
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An  award  was  presented  to  the  veteran  worker  by  the  Soci6t^  d'En- 
couragement  pour  I'lndustrie  Nationale  in  recognition  of  his  valuable 
labours  to  advance  the  knowledge  of  the  gas  engine,  and  another  by  the 
Acad^mie  des  Sciences.  M.  Beau  de  Rochas  died  in  1892.  A  transla- 
tion of  that  part  of  his  patent  which  relates  to  gas  engine  cycles  will  be 
found  in  the  Appendix.  On  p.  39  the  portraits  are  added  of  MM. 
Lenoir  and  Beau  de  Rochas,  Mr.  Dugald  Clerk,  M.I.C.E.,  and  Mr. 
Atkinson,  four  distinguished  men  who  have  greatly  contributed  to  our 
knowledge  of  gas  engines. 
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CHAPTER  IV. 
HISTORY  OF  THE  GAS  EWWE— (Continued). 

Contents.— Otto  and  Langen  Engine — Gilles — Bisschop — Bray  ton — Simon — Clerk 
Two-Cycle  Engine—Beck  Six-Cycle  Type — Wittig  and  Hees — Compression — 
Martini  Early  Gas  Engine — Tangye — Various — Baldwin. 

The  construction  of  gas  engines  was  meanwhile  developed  in  a  different 
direction  to  that  indicated  by  Beau  de  Rochas.  As  it  was  seen  that  the 
expansion  in  the  engines  hitherto  produced  was  insufficient,  an  attempt 
was  made  to  improve  it  by  employing  a  free  piston,  giving  in  theory 
unlimited  expansion.  At  the  Paris  Exhibition  of  1867  attention  was 
drawn  to  an  engine  patented  by  MM.  Otto  and  Langen  in  1866,  and 
apparently  of  a  new  type,  though  it  was  really  constructed  on  the  same 
lines  as  that  of  Barsanti  and  Matteucci.  It  seems  doubtful  whether  this 
new  engine  was  more  or  less  copied  from  the  Italians'  atmospheric  motor, 
or  whether  the  Germans  worked  independently.  In  any  case  they  suc- 
ceeded in  making  a  practical  engine,  based  on  a  principle  which,  owing 
to  some  mechanical  defect,  had  been  relinquished. 

Otto  and  Iiangen. — In  their  main  features  the  German  and  Italian 
engines  were  identical.  At  that  time  the  idea  was  prevalent  that  the 
failure  of  the  Lenoir  and  Hugon  engines  was  due  to  the  slow  movement 
of  the  piston  after  ignition.  Scientific  men  were  agreed  that  the  energy 
generated  by  explosion  was  rapidly  diminished  by  the  cooling  action  of 
the  walls;  if  therefore  expansion  was  retarded,  much  of  the  force  ob- 
tained was  dissipated.  Hence,  the  principle  of  the  Otto  and  Langen 
engine  was  to  obtain  the  most  rapid  and  complete  expansion  possible 
after  explosion.  Theoretically  this  idea  was  right,  but  the  mechanical 
difficulties  of  working  it  out  have  never  been  completely  overcome,  and 
though  the  construction  of  the  engine  was  continued  for  some  years,  it 
was  eventually  abandoned. 

At  the  time  of  its  first  appearance,  the  Otto  and  Langen  was  the 
most  economical  engine  yet  introduced.  Its  consumption  of  gas,  always 
comparatively  low,  was  ultimately  reduced  to  about  26  cubic  feet  per 
H.P.  per  hour.  About  5,000  motors  were  constructed  in  ten  years,  and 
though  never  popular  in  France,  the  engine  was  at  one  time  in  great 
demand  in  England  and  Germany.  As  a  practical  working  motor  it  was 
not  satisfactory,  but  it  marked  an  epoch  as  the  first  single-acting  engine, 
and  the  first  in  which  economy  in  consumption  of  gas  was  realised  as  a 
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coDsequence  of  better  expansion.  It  was,  however,  large  for  the  power 
generated,  noUy  and  irregular  in  action,  and  the  very  rapid  aacent  of  the 
piston  caused  so  much  vibration,  that  it  could  only  be  used  for  small 
powers. 

Otto  and  Iiangen,  Single-Fiaton  Atmoapherio  Engine. — ^Fig.  9 
gives  a  sectional  elevation  of  this  engine.  A  ia  the  long  vertical  cylinder, 
surrounded  at  the  bottom  with  a  water  jacket,  and  open  at  the  top  to  the 
atmosphere.  F,  the  piston,  is 
shown  almost  at  the  end  of  the 
down  stroke.  C  is  the  t»ck  in 
lieu  of  a  piston-rod,  gearing  into 
the  toothed  wheel  T  on  the  main 
shaft  K.  The  slide  valve  8, 
worked  by  an  eccentric  O,  admits 
the  gBs  and  air,  which  are 
ignited  by  a  flame  in  the  slide 
valve  cover,  and  also  discharges 
the  products  into  the  exhaust 
pipe.  There  are  two  eccentrics 
side  by  side,  O  and  B  ;  both  are 
connected  to  the  auxiliary  shaft 
M  during  the  down  stroke,  but 
run  loose  on  the  up  stroke  of  the 
piston.  In  the  same  way  the 
wheel  T,  which  is  also  free  of 
the  shaft  during  the  up  stroke, 
becomes  wedged  to  it  by  an 
ingenious  cluteh  arrangement  as 
the  piston  descends.  The  action 
of  the  Otto  and  Langen  engine 
necessitates  the  use  of  three 
special  mechanisms,  the  friction  pi^,  ( 
coupling  or  cluteh  gear,  on  the 
outer  wheel  T  of  the  main  shaft, 

the  device  for  lifting  the  piston  to  admit  a  fresh  charge,  served  by 
eccentric  B,  and  the  valve  motion  driven  by  eccentric  0. 

The  violence  of  the  explosion  in  a  free  piston  engine  is  so  great,  that 
much  care  is  necessary  to  make  the  cluteh  act  freely  and  instantaneously. 
At  the  moment  when  the  movement  of  the  piston  is  reversed,  the  whole 
enei^  of  the  engine  being  stored  up  in  it,  the  least  recoil  might  result  in 
an  accident.  This  was  one  reason  why  the  Barsanti  and  Matteucci  engine 
failed  ;  the  ratehet  and  pawl  were  not  sufficiently  prompt  in  action.  The 
clutch  gear  of  the  Otto  and  Langen  engine,  shown  at  Fig.  13,  was  the 
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result  of  careful  study,  and  formed  one  of  the  most  ingenious  parts  of  the 
engine.  Upon  the  main  shaft  K  there  is  a  circular  disc  a,  which  ia 
solidly  keyed  to  it,  and  carries  on  its  outer  edge  at  «  four  ateel  wedge- 
nhaped  slips  or  projections.  The  inner  rim  of  the  outer  toothed  wheel  T 
is  hollowed  out  in  four  places  at  regular  intervals,  just  below  the  holts  d, 
and  corresponding  to  the  steel  wedges  e  upon  the  disc  a.  In  each  of  the 
grooves  thus  formed  are  three  small  cylindrical  rollers.     The  main  shaft 


Fig.  10. — Eug«n  Langen. 

K  revolves  always  in  the  direction  of  the  hands  of  a  clock.  When  the 
piston  tliea  up  with  the  force  of  the  explosion,  and  drives  round  the 
toothed  wheel  T  io  the  opposite  direction,  the  rollers  run  loose  in  the 
open  space  in  the  wider  part  of  the  hollows,  and  no  pressure  being  exerted 
on  the  wedges  e,  the  connection  between  the  main  shaft  K  and  the  fack, 
piston,  and  outer  toothed  wheel  T  is  severed.  The  piston  having  reached 
the  end  of  the  up  stroke,  begins  rapidly  to  descend  (motor  stroke),  the 
motion  of  T  is  reversed,  and  it  also  revolves  in  the  same  dii'ection  as  the 
motor  shaft.     The  rollers  are  driven  forward  into  the  narrowest  p&vt  of 
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the  space,  and  wedged  Against  the  steel  slips  «,  which  grip  the  solid  disc 
a,  and  the  whole  mass  from  T  to  K  is  driven  round  in  the  direction  of  the 
descending  piaton.  The  cooling  of  the  gases  below  the  piston  forma  a 
vacuum,  but  this  is  counteracted  near  the  end  of  the  stroke  by  the  opening 
of  the  exhaust.  Slight  compresHion  of  the  gases  of  combustion  takes  place 
at  the  bottom  of  the  cylinder,  and  the  motion  of  the  piston  is  slackened. 
The  toothed  wheel  T,  therefore,  revolves  more  slowly  than  the  mtiin  shaft 
and  disc  a ;  the  rollers  nin  back,  and  loosen  their  grip  of  the  wedges,  and 


Fig.  11.— Nicolas  Otto. 

before  the  piston  has  reached  the  end  of  the  stroke,  the  motor  shaft  U 
again  disconnected. 

The  working  of  the  eccentrics  driving  the  slide  valve  8  is  also  shown 
at  Kg.  12.  The  valve  is  somewhat  similar  in  principle  to  Hugon's  flame 
ignition  valve,  but  more  simple,  as  only  one  ignition  per  up  stroke  or  per 
revolution  is  required.  There  is  one  main  port  i  (Fig.  9)  leading  to  the 
cylinder,  and  just  above  it  are  two  small  openings,  A  and  j,  for  admitting 
the  gas  and  air.     In  its  lowest  position  the  slide  valve  port  forms  a  com- 
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inunicatton  between  t  and  the  atmosphere,  the  exhaust  outlet  in  the  valve 
cover  being  closed  by  a  flap  valve,  which  is  lifted  only  when  die  pressure 
in  the  cylinder  is  greater  than  the  atmosphere — namely,  when  the  piston 
has  nearly  reached  the  bottom  of  its  stroke.  The  products  of  combustion 
being  thus  discharged,  the  slide  S  worked  by  the  eccentric  0  begins  to 
rise,  and  the  piston  with  it,  lifted  by  the  other  eccentric  B ;  gas  and  air 
enter  through  j,  h  in  the  proportions  of  9  to  1,  mix  and  pass  through  to 
the  cavity  m.  Communication  is  now  made  between  m  and  the  out«r 
permanent  flame  /,  and  the  mixture  of  gas  and  air  is  ignited.  The 
upward  progress  of  the  valve  shuts  off  the  flame  at  /,  and  the  burning 
gases  being  brought  opposite  the  main  port  t  rush  into  the  cylinder, 
explode,  and  drive  up  the  piston. 

The   movement  of   the   two   eccentrics   0  and   B  is  given   by  the 
auxiliary    shaft    M,    on    which    is    fixed    a    ratchet  wheel    W.       The 


Fig.   12.— Otto  and  Ijangen  Engine,     1866. 

eccentrics  are  set  to  each  other  at  an  angle  of  90°,  and  run  loose  on 
the  shaft  during  the  down  stroke.  Eccentric  O  carries  the  rod 
working  the  slide  valve  S,  B  has  a  bell  crank  r  working  on  a 
pivot,  and  a  lever  N,  and  these  establish  the  connection  between  the 
eccentrics  and  the  auxiliary  shaft.  The  gases  being  ignited  at  low 
pressure,  the  ignition  by  flame,  as  in  all  non-compressing  engines, 
worked  satisfactorily.  The  speed  was  regulated  by  a  ball  governor.  If 
the  speed  of  the  engine  exceeded  the  proper  limits,  the  governor,  by 
means  of  a  pawl  and  ratchet,  disconnected  the  levers  working  the 
slide  valve  and  piston,  and  no  charge  was  admitted  until  the  speed 
was  reduced. 

As  the   engine  was  single-acting,  working  open  to  the  atmosphere, 
the  heat  generated  was   not  so   great  as   in   the  earlier  motors.     The 
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number  of  strokes  per  minute  being  relatively  small,  the  cylinder  was 
kept  comparatively  cool.  It  was  not  difficult  to  start  the  engine,  a 
few  turns  of  the  flywheel  being  sufficient  to  draw  in  the  charge,  and 
cause  it  to  ignite.  The  action  of  the  walls,  which  has  so  injurious 
an  effect  in  most  engines,  was  here  of  use.  During  the  upstroke  the 
walls,  by  rapidly  cooling  the  expanding  gases,  assisted  in  forming  the 
vacuum,  while  in  the  down  stroke  they  carried  off  the  heat,  and 
retarded  the  increase  of  pressure  below  the  piston. 

A  number  of  experiments  have  been  made  upon  the  Otto  and 
Langen  engine.  Of  these  the  best  known  is  Tresca's  trial  at  the  Paris 
Exhibition,  1867,  on  a  half  H.P.  engine,  when  the  consumption  of 
Paris  gas  was  44  cubic  feet  per  I.H.P.  per  hour.  Another  series  of 
experiments  was  made  in  1868  by  Meidinger  in  which  the  gas 
consumption  per  H.P.  per  hour  varied  from  49  to  29  cubic  feet. 

Fig.  13  shows  a  diagram  taken  during  a  trial  made  by  Mr. 
Dugald  Clerk. 

freswrt  IbtjtrSf  indi 


Atmowpkeric  lint. 


Fig.  13.— Otto  and  Langen  Engine — Indicator  Diagram  (Clerk).     1866. 

The  great  defect  of  the  Otto  and  Langen  engine  was  its  noisy 
and  unsteady  action,  due  to  the  rack  and  wheel,  and  the  excessive 
vibration  and  recoil.  Several  efforts  were  made  in  the  course  of  the 
next  few  years  to  improve  upon  it,  though  the  working  principle 
remained  the  same. 

Gilles. — In  1874  an  engine  was  brought  out  by  Gilles,  with  two 
pistons  working  vertically,  one  above  the  other,  in  the  same  cylinder; 
the  lower  was  the  motor,  and  the  upper  the  free  piston.  The  ex- 
plosion of  the  gas  and  air  drove  up  the  latter;  the  working  piston 
was  forced  up  into  the  vacuum  thus  formed  by  the  pressure  of  the 
atmosphere.  Two  drawings  of  the  engine  will  be  found  in  Schottler's 
book. 

Biflsohop. — A  useful  little  engine  for  small  powers,  which  was 
popular  for  many  years,  although  now  no  longer  made,  was  introduced  in 
1870-72  by  Bisschop,  and  exhibited  at  Paris  in  1878.  It  appeared 
about  four  years  after  the  Otto  and  Langen  non-compression  atmo- 
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spheric  engine,  and  resembled  that  type  of  motor  in  principle,  but 
was  intended  specially  to  avoid  the  noise  and  recoil  of  the  free 
piston,  rack  and  clutch  gear.  The  charge  of  gaa  and  air  was  admitted 
at  atmospheric  pressure,  and  the  force  of  the  explosion  drove  up  the 
pistoD,  but  it  was  attached  in  a  special  way  to  the  crank,  and  did 
not  run  free.  The  pressure  of  the  atmosphere,  and  the  energy  stored 
up  in  the  flywheel,  then  forced  the  piston  into  the  vacuum  formed 
below  by  l^e  cooling  of  the  gases.  The  action  of  the  walla  was 
turned  to  good  account  by  reducing  the  temperature  of  the  exhaust 


gases,  and  helping  to  form  the  vacuum.  In  a  certain  sense  the  Biss- 
chop,  like  other  atmospheric  engines,  may  be  called  double-acting,  the 
force  of  the  explosion  being  used  on  one  side  of  the  piston,  and  the 
pressure  of  the  atmosphere  on  the  other. 

The  engine  had  a  vertical  unjacketed  cylinder  closed  at  both  ends, 
and  ribbed  externally  to  prevent  overheating.  Above  was  a  crosshead 
from  which  the  connecting-rod  worked  direct  on  to  the  motor  shaft, 
and  was  parallel  to  the  piston-rod  during  the  up  stroke.  Explosion 
occurred  immediately  after  the  piston  had  passed  the  lower  dead 
point.  The  shock  forced  up  the  piston  rapidly,  the  crank  was  carried 
round  through  more  than  half  a  revolution,  and  expansion  was 
practically  '^instantaneous.      The  distribution    of    the   gas   and   air  and 
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the  discharge  of  the  exhaust  gases  were  effected  by  a  trunk  piston 
valve,  driven  from  an  eccentric  on  the  crank  shaft.  Ignition  was  by 
an  external  flame,  and  the  little  engine  had  no  governor. 

Fig.  14  gives  a  sectional  elevation,  and  Fig.  15  a  section  of  the 
piston  valve.  The  parts  are  lettered  alike  in  the  two  drawings;  the 
piston  valve  admits,  distributes,  and  expels  the  charge.  A  is  the  motor 
cylinder  and  P  the  piston,  c  is  the  connecting-rod  and  C  the  crank,  K 
the  crank  shaft.  G  is  the  crosshead,  and  r  the  piston-rod  working  in 
it.  In  Fig.  14  the  piston  is  half  way  through  the  up  stroke.  The 
eccentric  e  on  the  crank  shaft  drives  the  piston  valve  p  (Fig.  15) 
through  lever  I,  The  exhaust  is  seen  at  E;  k  is  the  small  opening 
about  half  way  up  the  cylinder,  covered  by  a  flap  valve ;  an  external 
flame  bums  behind  it  at  n,  and  at  o  is  a  second  auxiliary  flame  to 
rekindle  the  other  when  blown  out.  Fig.  15  shows  the  air  valve  with 
the  holes  for  regulating  the  supply,  and  the  action  of  the  piston 
valve  p;  the  gas  enters  at  %  (Fig.  14). 

Deutz  Engine. — MM.  Otto  and  Langen  had  by  this  time  formed 
their  business  into  a  company  at  Deutz,  near  Cologne,  and  the  Arm  was 
henceforth  known  as  the  "  Gas-Motoren  Fabrik  Deutz.''  They  had  been 
working  incessantly  to  improve  their  engine,  but  after  introducing 
several  modifications,  they  finally  abandoned  altogether  the  idea  of  a 
free  piston.  At  the  Paris  exhibition  of  1878  they  brought  out  the 
celebrated  Otto  engine,  described  in  Chapter  vi.,  which  rapidly  super- 
seded their  former  and  all  other  motors,  and  created  a  revolution  in  the 
construction  of  gas  engines. 

Brayton. — ^This  American  gas  engine  was  introduced  by  Brayton  at 

Philadelphia  in  1873.     In  1878  Messrs.  Simon,  of  Nottingham,  brought 

out  tiie  motor  in  England.     As  in  the  Otto,  the  charge  was  compressed, 

hut  otherwise  this  engine  differed  from  all  earlier  types,  and  illustrated 

the  principle  of  ignition  at  constant  pressure,  instead  of  at  constant 

volume.     It  was  a  single-acting,  two-cycle  motor,  with  an  impulse  at 

every  revolution.     After  compression  in  a  separate  pump,  the  gas  and 

air  were  delivered  into  the  motor  cylinder,  but  they  were  not  admitted 

cold  and  then  ignited  and  exploded,  according  to  the  usual  cycle  of 

operations.     A  small  flame  in  direct  communication  with  the  cylinder 

was  kept  constantly  alight,  and  kindled  the  gases  as  they  passed  it. 

Thus  they  were  gradually  ignited,  and  entering  as  flame,  drove  the  piston 

forward,  not  by  the  pressure  of  explosion,  but  of  combustion.     The  heat 

was  imparted  to  the  gas  at  constant  pressure— that  is,  the  piston  moved 

as  soon  as  the  flames  began  to  enter  the  cylinder,  but  there  was  no 

sudden  explosion.     A  wire  gauze  was  fixed  behind  the  light,  to  prevent 

the  flame  from  striking  back  into  the  compression  cylinder.    This  method 

of  ignition  worked  well  as  long  as  the  wire  gauze  remained  intact,  but 

4 
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it  was  liable  to  bnm  into  holes,  and  if  the  gases  found  their  wfty  back 
throngli  any  aperture,  an  explosion  followed,  and  the  light  was  extin- 
guished. On  this  account  Brayton  abandoned  the  use  of  gaa  in  his 
engine,  and  substituted  petroleum  vapour.  A  description  of  this  later 
engine  will  be  found  in  Chap,  zriii. 

Bimon. — To  this  gas  engine  Messrs.  Simon  added  a  small  boiler  above 
the  cylinder,  the  water  in  which  was  evaporated  by  the  heat  from  the 
exhaust  gases.  The  engine,*  first  exhibited  at  Paris  in  1878,  was  ver- 
tical and  single-acting.  The  steam  injected  into  the  motor  cylinder 
increased  the  expansive 
force  of  the  gases,  and 
helped  to  lubricate  the 
piston.  This  idea  was  not 
a  novelty.  It  had  been 
tried  by  Hugon,but  neither 
his  engine  nor  the  Simon 
was  practically  improved 
by  it.  On  this  point  Pro- 
fessor Schottler  pertinently 
asks — "Whether  it  can  be 
considered  an  advantage, 
since  the  gas  engine  is  ex- 
pressly designed  to  avoid 
the  defects  and  dangers  of 
a  steam  boiler,  to  add  iJie 
latter  to  itr' 

Fig.  16  gives  a  section 
of  the  engine ;  a  descrip- 
tion will  explain  the 
method  of  working.  Like 
the  Brayton,  it  is  a  two- 
cycle  engine.  A  is  the 
motor,  B  the  pump  cylin- 

Fig.  16.-Siinon  Vertical  Engine.     1877.  **^'"'     ^^^     ^     *^^     '^'^^^ 

shaft.  Gas  and  air  are 
admitted  by  the  slide  valve  S,  at  the  top  of  the  pump  cylinder,  and  drawn 
in  through  the  valve  a  at  the  down  stroke  of  the  piston  ;  the  up  stroke 
compresses  and  drives  them  through  another  valve  b  into  the  receiver  c. 
From  here  they  pa.sa  into  the  motor  cylinder  A,  through  the  slide  valve 
S  ;  _;■  is  a  gas  jet  burning  continually  in  front  of  a  wire  gauze,  at  which 
the  gases  are  ignitod  in  their  passage,  and  by  their  expansion  drive  down 
the  piston  P.  The  exhaust  is  worked  by  the  slide  valve  d  driven  from 
■  Partly  toooded  on  Mr.  Beocheys  design. 
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the  main  shaft  The  products  of  combustion  are  led  through  the  coiled 
tubes  e  in  the  small  boiler  F  before  discharging  into  the  atmosphere.  As 
soon  as  some  of  the  water  in  the  boiler  is  evaporated  by  the  heat  of  the 
exhaust  gases,  the  steam  passes  through  the  pipe /and  the  slide  valve  S 
into  the  motor  cylinder.  A  small  cam  h  on  the  governor  G  acts  upon  the 
slide  valve  S^  for  admitting  the  gas  and  air,  and  cuts  off  the  admission 
entirely  as  soon  as  the  speed  of  the  engine  becomes  too  great ;  this  .is 
shown  in  Fig.  16. 

Several  experiments  have  been  made  upon  the  Brayton  and  Simon 
engines.  In  1873  Professor  Thurston  tested  a  Brayton  engine  in 
America,  of  5  nominal  H.P.,  and  found  that  the  maximum  pressure 
in  the  cylinder  was  about  75  lbs.  per  square  inch  at  the  beginning  of  the 
stroke,  decreasing  to  66  lbs.  at  the  cut-off.  The  indicated  H.P.  was  8*62, 
brake  power  3*98,  and  consumption  of  gas  32  cubic  feet  per  I.H.P.  per 
hour  ;  but  the  power  used  for  driving  the  pump  caused  the  effective 
horse-power  to  be  less  than  half  the  indicated.  Deducting  this,  Mr. 
Clerk  calculates  the  expenditure  at  55*2  cubic  feet  per  I.H.P.  per  hour. 
Another  experiment  made  by  Mr.  M'Mutrie,  of  Boston,  showed  a  maxi- 
mum pressure  in  the  cylinder  of  68  lbs.  per  square  inch,  the  piston  speed 
was  180  feet  per  minute,  and  the  total  power  developed  9  I.H.P.,  the 
friction  and  other  resistance  amounting  to  nearly  5  I.H.P.  Fig.  17  shows 
a  diagram  of  this  trial.  The  diagram  of  a  Simon  engine  at  Fig.  18  was 
taken  by  Dr.  Slaby. 


X. . . --^^s*^  ■      "      -  -  atfnospK 

Fig.  17. — Brayton  Gas  Engine —  Fig.  18.— Simon  Engine— Indicator  Diagram. 

Indicator  Diagram. 

In  a  history  of  the  development  of  the  gas  engine  it  is  important  to 
study  not  only  modem  working  motors  but  those  engines  which,  although 
no  longer  made,  were  good  in  design  and  principle.  During  the  last 
twenty-five  years  many  have  been  brought  out,  excellent  in  theory  and 
often  in  workmanship,  which  have  not  permanently  succeeded  only 
because  they  were  found  to  infringe  previous  patents,  or  were  superseded 
by  more  practical  types.  None  of  these  engines  date  earlier  than  1878. 
In  describing  them  it  will  no  longer  be  necessary  to  distinguish  between 
single-acting  and  double-acting  engines.  The  double-acting  type  of 
motor,  in  which  the  charge  was  introduced  alternately  at  either  end  of 
the  closed  cylinder,  was  abandoned  after  the  failure  of  the  Hugon,  for 
reasons  already  given.  For  many  years  all  gas  engines,  with  the  excep- 
tion of  the  Griffin  and  one  or  two  foreign  motors,  were  single-acting, 
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admitting  the  charge  at  one  end  only  of  the  single  cylinder.     Since  I90O 
double-cutting  engines  have  again  been  successfully  made. 

With  the  advent  of  the  Otto  gas  engine  a  new  era  began.  Until  the 
appearance  of  this  motor  in  1876,  not  one  of  the  many  engines  produced, 
had  utilised  the  cycle  of  operations  indicated,  many  years  before,  as  the 
best  and  most  economical  by  Beau  de  Rochas.  Neither  invention  nor 
practical  application  were  wanting,  and  as  none  had  proved  a  real  success, 
we  may  at  least  assume  that  their  failure  was  due  partly  to  the  neglect  of 
this  cycle.  It  was  Otto's  special  merit  that  he  was  skilful  enough  to  put 
the  principles  of  the  French  savant  into  working  operation,  and  the 
success  of  his  engine  proved  their  value.  It  has,  however,  defects  whicli 
in  a  few  years  began  to  be  generally  recognised.  As  in  all  other  gas 
engines  expansion  is  not  complete,  and  the  gases  are  discharged  at  & 
relatively  high  temperature  and  pressure.  The  engine  has  only  one 
explosion  and  one  motor  stroke  in  four — that  is,  three  strokes  out  of 
every  four  of  which  the  cycle  consists  are  spent  in  negative,  and  one  in 
positive  work.  It  is  a  four-cycle  motor,  and  an  impulse  is  obtained  for 
every  two  revolutions. 

Clerk. — It  was  to  remedy  the  second  defect,  the  one  working  stroke- 
in  four,  that  Mr.  Clerk  applied  himself,  in  the  important  two-cycle  engine 
he  produced  and  exhibited  in  1880.     Its  special  feature  was  that  an  ex- 
plosion at  every  revolution  was  obtained.     Of  the  four  operations  of  the 
cycle  Clerk  proposed  to  transfer  the  first  only,  admission,  to  an  auxiliary:- 
cylinder,  called  the  displacer,  into  which  the  gas  and  air  were  drawn,, 
slightly  compressed,  and  delivered  into  the  working  cylinder.     Here  they 
drove  out  before  them  the  products  of  combustion.     The  motor  piston  iit 
returning  compressed  this  charge  into  a  chamber  at  the  further  end  of  the 
cylinder.     It  was  then  fired  and  drove  the  piston  forward,  the  displacer- 
piston  taking  in  a  fresh  charge  of  gas  and  air.     The  exhaust  ports  in  the- 
front  part  of  the  cylinder  were  uncovered  by  the  piston  as  it  moved  out. 
The  discharge   of  the  exhaust  gases   constitutes  another  fundamental 
difference  between  the  Otto  and  the  Clerk  engines.     Otto  considered  that- 
the  presence  of  a  certain  quantity  of  unburnt  gases,  by  retarding  the 
progress  of  combustion,  contributed  to  the  efficiency  of  his  engine.     Olerk 
held  that  this  residuum  of  unconsumed  gas  was  highly  injurious  to  the 
fresh  charge,  which  it  diluted  and  rendered  more  difficult  to  ignite.     If 
the  motor  cylinder  were  previously  cleansed,  as  far  as  possible,  of  the  pro- 
ducts of  combustion,  a  weaker  mixture  might  be  used  for  the  charge,  and 
more  perfect  ignition  and  greater  economy  obtained. 

Figs.  19  and  20  give  a  sectional  elevation  and  plan  of  the  Clerk 
engine.  A  is  the  motor  cylinder  with  piston  P,  B  is  the  displacer 
cylinder  with  piston  D,  which  is  set  on  the  crank  at  an  angle  of  90*  in 
advance  of  the  motor  piston,  G  is  the  conical  compression  space  at  the 
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back  of  cylinder  A..     There  are  two  automatic  lift  valves,  shoivn  at  Fig.    ' 
19,  H,  &om  which  the  gas  and  air  pass  through  the  pipe  W  (Fig.  20) 
into  the  displacer  cylinder,  and  F,  which  is  raised  to  admit  the  chai^ 
under  alight  pressure  into  cylinder  A.     Both  the  valves  are  provided 


Fig.  19.— Clerk  Engine— Seclional  Elevation.     1880. 
with  "  qnietjng  pistons,"  to  prevent  noise  or  Bhock,     The  ignition  slide 
valve  S  has  a  flame  o  which  is  continually  relit  from  the  permanent 
Bunaen  burner  at  6.     Near  the  front  of  the  motor  cylinder  are  the  two 
«xhaust  ports  E,  and  Ej,  uncovered  by  the  piston  P  when  it  reaches  the 


Fig.  20.— Clerk  Engine— Sectional  Plaa.     1S80. 

end  of  its  stroke,  and  from  whence  the  gases  of  combustion  pass  into 
the  discharge  pipe  £. 

The  action  of  the  engine  is  as  follows  : — The  piston  D  of  the  displacer 
moves  out,  and  draws  in  a  chai^  of  gas  and  air  through  H.     The  seat 
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of  this  Tulve  is  pierced  with  holes  to  admit  gas  from  the  supply  pipe,  the 
forward  movement  of  the  diaplacer  piston  lifts  the  valve,  the  air  enters 
from  chamber  R  below,  and  mixes  thoroughly  with  the  gas  penetratinjf 
through  the  holes.     The  number  and  size  of  the  holes,  in  proportion  to 
the  lifting  area  of  the  valve,  regulate  the  supply  of  gas,  and  therefore 
the  richness  of  the  mixture.     The  air  valve  H  falls  back  on  its  seat  by 
its  own  weight,  but  the  gas  supply  is  cut  off  before  the  piston  D  has 
quite  reached  the  end  of  its  stroke.      The  last  part,  therefore,  of  the 
charge  in  the  displacer  cylinder,  first  expelled  as  the  piston  begins  to 
return,  is  pure  air.     Meanwhile  the  out  stroke  of  the  motor  piston  haa 
begun,  at  an  a.ngle  of  90*  behind  that  of  the  displacer,  and  near  the  end 
of  the  stroke  the  exhaust  ports  £,  and  E,,  are  uncovered.     The  pressure 
inside  the  motor  cylinder  is  immediately  reduced  to  that  of  the  atmo- 
sphere.    The  displacer  piston  has  already 
nearly  completed  its  return  stroke,  and 
the  slight  pressure  exerted  on  the  charge 
is  sufficient  to  lift  the  automatic   valve 
P,  and    to  admit   the  gas   and  air  into 
the   conical  chamber   Q,  at  the  end   of 
the  motor  cylinder.    As  the  motor  piston 
passes  over  the  exhaust  ports,  the  fresh 
charge  entering  from  the  cool  displacer, 
and  immediately  expanded    by  the  heat 
of   the   motor   cylinder,   drives   out  the 
products  of  combustion  before  it.      Mr. 
Clerk  admits   that  a  small  part  of  the 
IiniUioD    ^'^^^    charge    escapes    with    them,   but, 
owing  to  the  arrangement  of  the  admis- 
sion valves,  this  is  mostly  pure  air.     The 
motor  piston  in  returning  first  covers  the  exhaust  ports,  the  valve  F  is 
instantly  closed  by  a  spring,  and  admission  from  the  pump  cylinder  cut 
off.     The  mixture  is  then  compressed  into  the  chamber  G,  while  the 
displacer  piston  begins  the  out  stroke,  and  takes  in  a  fresh  charge. 

Ignition  follows  by  a  flame  in  the  slide  valve  S.  The  method  adopted, 
shown  in  Fig.  20,  but  more  clearly  in  Fig.  21,  differs  from  that  used  in 
engines  having  only  one  motor  stroke  in  four,  because  an  ignition  is 
required  at  every  stroke.  The  small  combustion  chamber  or  cavity  1  (Fig. 
21)  in  slide  valve  S  has  two  openings.  On  one  side  it  communicates 
with  the  Bunsen  burner  b  through  the  port  3,  on  the  other  by  port  3 
with  the  outer  air,  or  with  the  explosion  port  of  the  cylinder,  according 
to  the  position  of  the  slide,  A  small  portion  of  the  compressed  mixture 
is  admitted  from  the  explosion  port  5,  through  an  opening  4,  into  a 
grooved  hollow  in  the  slide  valve,  and  is  carried  round  to  the  cavity  or 
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chamber  1,  which  it  enters  behind  a  grating  7.  At  8  is  shown  the  pin  in 
the  slide  r^ulating  the  supply  of  gas  to  the  grating.  At  the  moment 
when  port  2  of  the  cavity  is  open  to  the  Bunsen  jet  burning  against  the 
feuse  of  the  valve,  port  3  communicates  through  6  with  the  outer  air. 
The  gases  ignite  gradually  as  they  enter  the  cavity  through  the  gratings 
the  products  of  combustion  discharging  into  the  atmosphere,  and  the 
gases  being  fed  with  air  through  port  6.  As  the  slide  moves  up,  carry- 
ing the  burning  mixture,  port  2  is  closed  and  the  flame  cut  off,  and  port 
3  is  brought  opposite  the  cylinder  explosion  port.  Explosion  follows  at 
the  inner  dead  point,  the  piston  is  driven  forward,  the  displacer  takes 
in  a  fresh  charge,  and  the  cycle  is  repeated.  The  volume  of  the  two 
cylinders  is  so  proportioned  in  this  engine  as  to  prevent  the  escape  of 
any  considerable  part  of  the  incoming  charge  with  the  exhaust  gases. 
The  mixture  originally  admitted  is  in  the  proportion  of  1  part  of  gas  to 
8  of  air,  but  a  small  part  of  the  products  of  combustion  remains  in  the 
cylinder,  and  mixes  with  it.  The  composition  of  the  actual  charge  is, 
therefore,  1  of  gas  to  10  of  air  and  products. 

Clerk  (Governor. — The  governor  in  the  Clerk  engine  is  simple. 
Between  the  upper  and  lower  lifting  valves  for  admitting  the  charge 
to  the  motor  and  displacer  cylinders  is  a  gridiron  slide.  While  the 
engine  is  working  under  normal  conditions,  this  is  kept  open  during  the 
charging  stroke  by  a  spring  and  lever,  worked  from  the  slide  valve  S ; 
but  if  the  speed  becomes  too  great,  the  balls  of  the  governor  moving  out 
raise  a  lever,  which  catches  into  the  lever  moving  the  gridiron  valve,  and 
lifts  it.  The  valve  is  drawn  forward  and  closed,  and  the  admission  of  gas 
and  air  wholly  cut  off. 

For  starting,  a  special  apparatus  was  designed  by  Mr.  Clerk.  The 
pipe  through  which  the  gases  pass  from  the  displacer  to  the  motor 
cylinder  communicates  with  a  small  reservoir,  into  which  a  supply  of 
gas  and  air  is  forced  while  the  engine  is  running,  and  compressed  to 
60  lbs.  per  square  inch.  To  start  the  engine,  the  crank  is  brought  round 
to  the  inner  dead  point,  and  communication  established  between  the  two 
cylinders  and  the  reservoir.  The  compressed  air  thus  admitted  drives 
back  the  displacer  piston  to  take  in  a  charge,  and  the  motor  to  uncover 
the  exhaust  ports. 

Tests  and  experiments  on  the  Clerk  engine  have  been  made  by  the 
inventor  and  the  makers.  The  engines  varied  from  2  H.P.  to  12  H.F., 
and  the  number  of  revolutions  from  212  to  132.  With  the  2  H.P. 
engine  the  average  pressure  in  the  cylinder  was  43*2  lbs.  per  square 
inch,  and  the  consumption  of  gas  per  I.H.P.  per  hour  29 '8  cubic  feet ; 
in  the  4  H.P.  the  average  pressure  was  63-9  lbs.,  and  the  gas  consumption 
24'19  cubic  feet  The  8  H.P.  engine  gave  an  average  pressure  of  60*3  lbs. 
per  square  inch,  and  a  gas  consumption  of  20*94  cubic  feet ;  while  in  the 


56  GAS,  OIL,  AND  AIR  ENGINES. 

larger  12  H.P.  engine,  the  diagram  of  which  is  shown  at  Fig.  22,  the  gas 
consumption  was  20*39  cubic  feet,  with  an  average  pressure  of  64*8  lbs. 
Glasgow  gas  was  used  in  these  trials.  The  heat  efficiency  per  B.H.P. 
varied  from  10  per  cent,  to  13  per  cent.  (See  Table  No.  1  at  end  of 
book.) 

Although  good  in  theory  and  practice,  the  Clerk  engine  did  not  com- 
pletely overcome  the  defect  of  the  Otto  and  many  other  gas  engines,  the 
want  of  sufficient  expansion.  As  the  exhaust  ports  opened  when  the 
motor  piston  had  passed  through  three-quarters  of  its  stroke,  expansion 
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Fig.  22.— Clerk  12  H.P.  Indicator  Diagram. 

was  necessarily  limited.  This  was  a  disadvantage,  but  the  engine,  though 
it  has  not  been  made  for  many  years,  was  more  economical  in  working 
than  previous  motors. 

Beck  Siz-Cyole  Type. — The  Beck  engine  is  the  first  example  of  a 
new  cycle  of  operations.  It  belongs  neither  to  the  original  double-€u;ting 
two-cycle  type,  giving  an  explosion  every  revolution,  nor  to  the  four-cycle 
type  of  Beau  de  Rochas,  but  is  known  as  a  six-cycle  engine.  In  other 
words,  there  is  an  explosion  every  sixth  stroke,  or  the  piston  makes  three 
forward  and  three  return  strokes  for  three  revolutions  of  the  crank.  The 
object  of  thus  lengthening  the  ordinary  sequence  of  operations  is  to  drive 
out  more  completely  the  products  of  combustion  by  introducing,  between 
every  explosion  and  motor  stroke,  one  stroke,  forward  and  return,  called 
a  "  scavenger  charge,"  during  which  pure  air  is  drawn  in  and  expelled. 
Engineers  are  still  divided  in  opinion  respecting  the  best  method  of  dis- 
posing of  the  products  of  combustion.  By  Otto  they  were  purposely 
retained,  in  order  to  diminish  the  force  of  the  explosion,  and  he  and 
others  thought  that  there  was  an  advantage  in  diluting  the  incoming 
charge  with  the  burnt  gases.  Others  are  so  strongly  convinced  of  the 
injurious  effect  of  leaving  behind  any  portion  of  the  products  of  combus- 
tion that  they  sacrifice  a  complete  stroke  to  get  rid  of  them,  and  maintain 
that,  the  cylinder  being  thoroughly  cleansed,  the  incoming  charge  is  so 
pure  that  a  much  weaker  mixture  may  be  employed.  "With  only  one 
explosion  every  six  strokes,  there  is,  of  course,  great  difficulty  in  regula- 
ting the  speed  of  the  engine,  and  the  cooling  action  on  the  cylinder  walls 
of  the  charge  of  fresh  air  is  also  considerable.     For  these  reasons  the  six- 


HISTORY  OF  THE  GAS  ENGINE. 


57 


\  Negative  strokes  \ 
.      absorbing 
J      power. 


cycle  type  has  found  little  favour,  and  is  now  seldom  seen.  It  is  best 
adapted  to  double-acting  engines,  adjusted  to  give  an  explosion  every 
three  strokes,  first  at  one,  then  at  the  other  side  of  the  piston. 

The  Beck  engine  was  of  the  original  six-cycle  type,  single-acting, 
single-cylinder,  and  gave  one  explosion  per  six  strokes.  The  working 
cycle  of  operations  was  as  follows  : — 

lttn.ot 
Crank. 

First  stroke,  /  Admission  of 

forward.  I      charge. 

Second  stroke,  \  Compression  of 

return.  \     charge. 

Third  stroke,      /  Ignition,  explosion,   f  I*o«<^iye  (^'f") 

X  1  I  i      strokes  ffiYins 

forward.  1      expansion.  I  ®       * 

Fourth  stroke,  \  Discharge  and  ex-  \       P**^®^* 

return.  \     haust.  | 

Fifth  stroke,        /  Admission  of  pure  !  Negative  strokes 

forward.  I      air.  /     absorbing 

Sixth  Stroke,      \  Discharge  of  air  to  I      power. 

return.  \     atmosphere.  / 

Except  with  regard  to  the  scavenger  charge  of  pure  air,  the  engine 
resembled  the  Otto.  Admission  and  ignition  were  effected  by  a  slide 
valve  adjusted  to  make  one-third  as  many  strokes  as  the  motor  piston. 
The  compression  space  was  separ- 
ated from  the  water  jacket  by  a 
cylindrical  layer  of  non-conducting    . 


> 


Three 

revolutions 

per 

explosion 

(one 
cylinder). 


materials,   and  the   mixture   was  ^  •«€. 

thus  ignited  in  a  chamber  kept  con-  ^ 

tinually  at  a  high  temperature.  By  J  n 

introducing  the  scavenger  charge  sr 

of  pure  air,  and  by  adjusting  the  & 


admission  valves,  the  richest  mix-  "3  ^  - 
ture  entered  the  cylinder  first,  a« 
and  the  poorest  was  retained  round 
the  ignition  port.  An  electrical 
governor  was  used,  and  the  in- 
tensity of  the  current  was  made 
to  vary  with  the  speed  of  the  en- 
gine, the  admission  of  gas  being 
either  throttled  or  wholly  cut  off. 


Fig.  23.— Beck '^Engine —Indicator 
Diagram.     188S. 


Book  Trials. — ^A  series  of  very  careful  experiments  upon  a  4  H.P. 
nominal  Beck  engine  were  made  in  London  by  Sir  A.  Kennedy,  F.R.S., 
in  1888.  The  indicated  and  brake  power,  speed,  consumption  of  gas,  and 
jacket  water  were  all  carefully  observed  in  six  successive  trials.  Two  of 
these  were  made  at  full  power  an<l  at  full  speed,  at  206  and  212  revolu- 
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tions  per  minute,  the  next  two  at  a  mean  speed  of  166  revolutions,  the 
fifth  at  180  revolutions,  and  the  sixth  with  the  engine  running  empty. 
The  highest  power  developed  was  S  I.H.F.,  with  6*3  B.H.P.,  and  the 
maximum  pressure  during  the  working  stroke  was  74*6  lbs.  The  RH.P. 
varied  from  6-31,  with  206*5  revolutions,  to  4*84,  with  169  revolutions. 
The  average  consumption  of  gas  was  21*42  cubic  feet  per  I.H.P.,  and  26*79 
cubic  feet  per  B.H.P.  per  hour.  The  calorific  value  of  the  gas  used  was 
611  thermal  units  per  cubic  foot.  An  indicator  diagram  of  this  trial  is 
given  at  Fig.  23. 

Wittig  A  Hees. — This  vertical  engine  was  made  for  some  time  in 
Germany,  and  tested  by  Professor  Schottler  in  1881.  It  was  a  two-cycle 
engine,  of  the  same  type  as  the  Clerk,  with  pump  and  motor  cylinders, 
between  which  the  Beau  de  Rochas  cycle  of  operations  was  divided. 
Ignition  was  by  an  external  flame  in  the  slide  cover,  which  communicated 
with  the  charge  in  the  cylinder  through  a  port  in  the  slide  valve. 

Compression. — In  the  engines  hitherto  described,  expansion  of  the 
charge  during  one  forward  stroke,  or  part  of  a  stroke,  was  only  in  the 
same  ratio  as  the  other  operations.  Of  the  two  great  improvements 
on  the  original  type,  compression  and  expansion,  the  first,  compression  of 
the  gas  and  air  after  admission,  already  formed  a  part  of  almost  every 
cycle,  but  expansion  was  still  imperfect.  Even  now,  inventors  have  not 
succeeded  in  increasing  it  so  as  to  utilise  to  the  utmost  the  high  pressures 
and  temperatures  obtained.  Various  schemes  have  been  proposed,  and 
methods  suggested  to  remedy  this  defect,  which,  with  its  correlative  loss 
of  heat,  still  remains  one  of  the  difiiculties  of  gas  and  oil  engines. 
Two  attempts  to  solve  the  problem  were  made  in  the  Seraine  and  the 
Sturgeon  engines;  drawings  of  both  will  be  found  in  Schottler's  book 
(2nd  edition). 

Martini — This  engine,  patented  in  1883,  and  shown  at  the  Paris 
Exhibition  of  1889,  presents  an  interesting  development  of  the  idea 
of  increased  expansion.  It  is  a  four-cycle  motor,  in  which  admission 
and  compression  are  effected  during  one  revolution  with  a  shorter 
stroke,  and  expansion  and  exhaust  during  the  next  with  a  longer 
stroke.  A  larger  circle  is  described  by  the  crank  during  expansion 
and  exhaust,  and  a  smaller  circle  during  admission  and  compression, 
and  the  length  of  either  stroke  can  be  modified.  Thus  the  piston 
approaches  the  explosion  end  of  the  cylinder  more  nearly  during 
compression  than  during  exhaust.  Drawings  of  this  curious  engine, 
which  bears  much  resemblance  to  the  Atkinson  "Cycle"  motor,  are 
given  in  M.  Richard's*  book. 

Tangye. — A  compact  and  handy  horizontal  two-cycle  motor,  re- 
sembling the  Clerk  in  certain   respects,  was  formerly  constructed  by 

*  Led  Moteura  d  Oaz,    Par  G.  Richard,  Paris. 
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Messrs.  Tangye  of  Birmingham.  There  was  one  cylinder  closed  at- 
both  ends,  and  the  piston-rod  worked  through  a  stuffing-box.  Ex- 
plosion took  place  at  the  back  end  of  the  cylinder,  furthest  from  the 
crank,  and  with  the  help  of  an  auxiliary  chamber,  an  impulse  every 
revolution  was  obtained.  At  the  crank  end  the  charge  was  admitted 
at  atmospheric,  and  passed  on  at  slightly  increased  pressure  into  an 
auxiliary  chamber,  from  which  it  was  drawn  in  at  the  other  end  of 
the  cylinder,  compressed,  ignited,  and  expanded.  The  openings  for  the 
exhaust  were  at  the  crank  end.  Thus  on  the  crank  face  of  the 
piston  the  return  stroke  admitted  the  mixture  of  gas  and  air,  and 
the  forward  (expansion)  stroke  compressed  it  into  the  auxiliary 
chamber.  At  the  end  of  this  stroke  the  piston  overran  the  exhaust 
ports,  reduced  the  pressure  in  the  cylinder  below  atmosphere,  and 
communication  between  it  and  the  receiver  was  established.  A  fresh 
charge  entered,  drove  out  the  products  of  combustion,  was  compressed 
by  the  return  stroke,  and  ignition  at  the  dead  point  followed.  Thus 
one  revolution  completed  the  wliole  working  cycle,  and  by  storing 
up  the  pressure  in  an  intermediate  receiver,  and  utilising  both  faces 
of  the  piston,  one  explosion  per  revolution  was  obtained.  A  drawing 
of  this  ingenious  little  engine  is  given  by  Clerk.**  The  makers  have 
now  adopted  the  usual  Otto  type,  as  described  in  the  modem  section. 

Various. — Several  small  gas  motors,  including  the  Economic, 
Bonier  and  Lamart,  and  the  Forest,  were  brought  out  abroad  about 
twenty  years  ago,  though  they  do  not  appear  to  have  found  their 
way  into  England.  In  all  of  them  the  charge  was  introduced  at 
atmospheric  pressure.  It  was  difficult  at  that  time,  without  infring- 
ing  the  Otto  patent,  to  produce  single  cylinder  engines  using  com- 
pression. For  small  powers,  therefore,  compression  and  the  resulting 
economy  not  being  of  so  much  importance  as  simplicity,  the  easier 
method  of  firing  the  charge  without  previous  compression  was  pre- 
ferred. As  the  temperature  in  the  cylinder  was  thus  reduced,  a 
water  jacket  could  be  dispensed  with,  and  the  cylinders  were  ribbed 
externally  to  afiPord  a  larger  cooling  surface  to  the  air. 

Drawings  of  the  Forest  engine  are  given  by  Schottler  and  Witz, 
and  of  the  Economic  by  Witz.f  A  description  of  the  Bonier  air  engine 
will  be  found  in  Part  III.,  and  of  his  gas  engine  at  p.  152.  The 
Noel  and  the  Durand,  both  made  only  for  small  powers,  also  achieved 
a  certain  measure  of  success  in  France,  and  were  exhibited  at  Paris 
in  1889.  The  Durand  was  adapted  for  working  either  with  gas  or 
carburetted  air,  and  the  inventor  gave  much  study  to  the  subject. 

*  Clerk,  The  Oas  Engine,  p.  196,  3rd  Edition. 

t  Trtxiti  Thiorique  et  Pratique  dee  Moteurs  a  Oaz.,  vol.  i.  Par  Aim^  Witzr 
Paris. 
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Baldwin. — This  was  an  interesting  engine  of  the  Clerk  type, 
introduced  from  America  in  1883.  It  had  one  horizontal  cylinder 
divided  into  two  parts,  the  back  forming  the  motor  end,  and  the  front 
the  pump.  Ignition  was  effected  electrically  from  a  small  dynamo 
driven  from  the  main  shaft.  Three  different  methods  were  employed 
to  regulate  the  speed,  first,  by  diminishing  the  volume  of  the  mix- 
ture, secondly,  by  partial,  and  thirdly,  by  total  suppression  of  the 
gas,  according  to  the  greater  or  less  excess  of  speed.  A  drawing  of  the 
engine  is  given  by  Witz,  vol.  i.,  p.  264. 

A  short  description  of  many  other  small  gas  engines,  now  only  of 
historical  interest,  will  be  found  in  the  first  and  second  editions  of 
this  book,  to  which  readers  desirous  of  studying  the  subject  are 
referred. 
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CHAPTER    V, 
THE  ATKINSON,  GRIFFIN,  AND  STOCKPORT  ENGINES. 

GomriNTS. — Principle  of  Atkinson  Engines — Differential  Engine—Cycle  Engine — 
Trials — Griffin  Gas  Engine — Trials — Stockport  Engine,  Earlier  Type. 

The  ingenious  mechanism  of  the  Otto  engine  described  in  Chapter 
vi.,  and  the  fact  that  it  was  the  first -to  realise  the  cycle  of  Beau  de 
Rochas,  has  made  it  so  popular  that  practically  hardly  any  other 
type  of  engine  is  now  constructed.  But  that  it  has  defects  its 
warmest  supporters  will  admit.  The  question  often  arises  whether, 
with  a  different  cycle,  a  lower  gas  consumption  and  better  design  are 
not  possible.  Experiments  prove  that  not  more  than  one-fourth  of 
the  heat  given  to  the  best  Otto  engine  is  utilised  as  power. '^  Defec- 
tive expansion  is  one  of  the  chief  causes  of  this  loss  of  heat,  and 
how  to  remedy  it  is  the  problem  still  occupying  the  minds  of  en- 
gineers. To  increase  the  length  of  the  piston-stroke  enlarges  the 
cylinder  volume,  and  admits  more  of  the  charge,  and  at  the  same 
time  allows  greater,  scope  for  the  expansion  of  the  gases.  It  is  the 
proportion  of  the  volume  of  admission  to  the  total  volume,  or  number 
of  expansions,  which  may  be  altered,  and  the  piston  made  to  travel 
through  a  shorter  distance  when  admitting  and  compressing,  than 
when  expanding  the  charge.  The  solution  of  the  problem  presented 
by  Mr.  Atkinson  some  years  ago  was  original  and  ingenious. 

Prinoiple  of  Atkinson  Engines. — ^This  inventor  introduced  two- 
engines,  the  n^ain  principle  in  which  was  the  same,  although  carried  out  in 
different  ways.  The  whole  cycle  was  performed  in  one  cylinder ;  there 
was  one  motor-stroke  in  four,  and  this  stroke  corresponded  to  one  revolu- 
tion of  the  crank  only.  The  four  operations  of  the  Beau  de  Bochas  cycle 
— admission,  compression,  explosion  plus  expansion,  and  exhaust — were 
effected  in  four  separate  strokes  of  different  lengths.  Hence  the  compres- 
sion or  clearance  space  varied  according  to  the  operations  taking  place  in 
the  cylinder,  whether  the  piston  was  admitting,  compressing,  or  expand- 
ing the  charge.  Like  others  who  have  studied  the  subject,  Mr.  Atkinson 
considered  that  the  two  main  sources  of  waste  of  heat  were  the  exhaust 
and  the  water  jacket,  and  he  attempted  to  reduce  these  losses  by  ar- 

t  The  heat  efficiency  of  the  best  Otto-cycle  gas  engines  is  now  [1905]  from  2& 
to  30  per  cent.     See  Table  of  Tests. 
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ranging  the  connection  between  the  piston  and  the  crank,  so  as  to  give 
different  lengths  of  stroke.  If  the  piston  travels  more  quickly,  there  is 
less  time  for  the  heat  to  be  carried  off  by  the  jacket ;  if  a  longer  expan- 
sion stroke  is  obtained,  the  heat  and  pressure  of  the  gases  have  more  time 
to  act  in  doing  useful  work  on  the  piston,  before  the  exhaust  opens.  The 
more  rapid  and  longer  expansion  obtained  by  Atkinson,  after  many  trials, 
formed  the  chief  novelty  in  his  engines.  He  claimed  to  expand  the  charge 
to  the  original  volume  during  one-eighth  of  a  revolution,  as  compared 


Base. 


Fig.  24.— Atkinson  Differential  Engine.     1884. 


with  half  a  revolution  during  which  it  is  expanded  in  the  Otto.  In  the 
latter  engine  the  charge  is  drawn  in  during  one  out  stroke  of  the  piston, 
or  half  a  revolution,  and  expanded  during  the  next,  while  the  crank 
makes  another  half  revolution,  to  the  original  volume — namely,  the  total 
volume  of  the  cylinder.  In  the  Atkinson  engine,  the  stroke  expanding 
the  charge  was  nearly  double  as  long  as  that  admitting  it,  and  hence  the 
charge  expanded  to  almost  twice  its  original  volume.  In  a  6  H.P.  motor 
the  suction  or  admission  stroke  was  about  6^  inches,  the  expansion  stroke 
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about  11 J  inches.  As  the  whole  cycle  was  carried  out  during  one  revolu- 
tion of  the  crank,  this  increased  expansion  was  obtained  in  one-quarter 
revolution,  and  expansion  to  the  original  volume  in  one-eighth  revolu- 
tion, or  one-quarter  the  time  occupied  in 
the  Otto  engine.  The  heat  transmitted 
through  the  walls  to  the  jacket  should 
be  in  proportion — first,  to  the  time  the 
wall  surfaces  are  exposed,  and  secondly, 
to  the  differences  of  temperature  between 
them  and  the  gases  they  enclose.  Rapid 
and  prolonged  expansion  ought,  there- 
fore, to  check  the  waste  in  both  direc- 
tions. The  quick  moving  out  of  the 
piston  brings  the  ignited  charge  in 
contact  with  the  walls  for  a  much  shorter 
time,  and,  the  heat  being  absorbed  in 
expansion,  by  the  time  the  exhaust 
opens  the  gases  are  comparatively  cool. 

Diflferential  Engine. — As  early  as 
1879  Mr.  Atkinson  took  out  a  patent 
for  a  compression  engine  of  the  Otto 
type,  in  which  ignition  was  obtained  by 
a  red-hot  tube.  This  was  one  of  the 
first  instances  of  a  working  engine  firing 
the  gas  in  this  way ;  the  same  method 
was  employed  in  the  same  year  by  Leo 
Funck.  Atkinson  soon  abandoned  this 
type  of  construction,  and  began  to  work 
on  new  lines.  Fig.  24  gives  a  sectional 
elevation  of  his  first  or  Differential 
engine,  [shown  at  the  Inventions  Exhi- 
bition in  1885.  The  horizontal  motor 
cylinder  A  contains  two  pistons,  both 
working  outwards,  and  joined  by  their 
connecting-rods  C^  and  C2  to  the  bent 
levers  "F^  and  Fj  which  act  through 
H^  H2  upon  the  crank  shaft  K.  Of 
these  two  pistons  the  left-hand  one,  P^, 
may  be  called  the  pump  piston,  and 
chiefly  compresses  the  charge;  the  right 
hand  one,  F^,  is  the  working  piston,  and 
effects  the  greater  part  of  the  working- 
stroke,  but  both  pistons  co-operate  in 
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utilising  the  explosive  force  of  the  gases.  There  is  only  one  cylinder, 
open  at  both  ends ;  during  the  compression  of  the  charge  the  pistons  hold 
the  exhaust  port  and  the  ignition  tube  closed.  Air  is  admitted  through 
an  automatic  lift  valve,  gas  through  a  valve  opened  by  a  rod  from  an 
eccentric  on  the  main  shaft.  The  rod  terminates  in  a  knife-edge  acting 
on  the  lever  of  the  gas  valve,  and  if  the  speed  be  too  great  the  governor, 
which  is  driven  by  a  pulley  from  the  crank  shaft,  shifts  the  valve-rod 
out  of  position,  and  no  gas  is  admitted.  Ignition  is  by  a  hot  tube 
without  a  timing  valve.  The  exhaust,  uncovered  by  piston  Pj  in  its  out 
stroke,  is  closed  by  an  automatic  valve. 

The  method  by  which  the  two  pistons  act  upon  the  crank  is  given  in 
the  four  positions  at  Fig.  25,  showing  the  links,  the  levers,  the  movement 
of  the  connecting-rods,  and  the  variable  clearance  space,    p^  and  pg  ^^^ 
the  pump  and  working  pistons,  and  h  the  ignition  tube.     In  the  first 
position,  a,  the  two  pistons  are  shown  close  together,  and  both  at  one  end 
of  the  cylinder.     The  products  of  combustion  have  been  completely  ex- 
pelled, the  clearance  space  between  the  pistons  is  reduced  to  its  smallest 
limits.     The  energy  of  motion  in  the  flywheel  now  lifts  the  crank,  the 
pump  piston  p^  moves  rapidly  to  the  left,  the  other  piston  following  it 
slowly,  the  automatic  admission  valves  are  uncovered   at  B,  and  the 
charge  (position  b)  enters  between  the  two  pistons,  through  the  openings. 
In  position  c  the  admission  valves  are  closed,  the  working  piston  has 
followed  the  pump  piston  rapidly  to  the  further  end  of  the  cylinder,  and 
the  charge  is  shut  into  the  diminished  volume  between  them.     A  slight 
further  movement  of  the  pump  piston  uncovers  the  ignition  tube,  the 
compressed  gases  enter,  the  charge  is  fired,  and  the  working  piston  moves 
rapidly  out  to  the  extreme  limit  of  the  cylinder,  uncovering  the  exhaust 
valve.     The  pump  piston  follows  more  slowly,  driving  out  the  products 
of  combustion  (position  d).     The  ratio  of  admission  and  compression  to 
expansion  and  exhaust  is  as  2*58  to  4*44. 

In  theory  the  action  of  the  Differential  engine  appears  to  realise 
almost  complete  expansion,  but  the  practical  results  obtained  were  not 
satisfactory.  Professor  Schottler  found  that  the  consumption  when 
running  empty  was  very  high,  and  the  mechanism  of  transmission  was 
also  defective.  The  levers,  links,  and  connecting-rods  were  rather  un- 
wieldy, and  after  a  few  years  Atkinson  improved  upon  the  engine  by 
the  production  of  the  "Cycle"  (1886)  in  which  the  same  principle  was 
retained,  embodied  in  a  much  simpler  form. 

**  Cycle  •*  Engine. — In  outward  appearance  this  engine  seemed  to 
differ  little  from  the  ordinary  type  of  a  compression  gas  engine.  Never- 
theless, in  it,  as  in  the  Differential,  the  expansion  and  exhaust  strokes 
were  longer  than  the  admission  and  compression,  and  the  whole  cycle  of 
operations  was  completed  during  one  revolution  of  the  crank,  with  one 
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piston  and  cylinder,  without  the  aid  of  a  pump.  This  oonstituted  the 
novelty  of  the  "  Cycle "  engine.  Instead  of  using  two  pistons,  the  four 
unequal  strokes  were  all  obtained  with  one  piston,  working  upon  the 
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motor  crank  through  a  series  of  rods,  links,  and  levers.  The  admission 
and  exhaust  w^re  operated  with  valves  in  the  ordinary  way.  There  was 
no  valve  to  the  ignition  tube,  but  the  charge  was  ignited  automatically 
during  the  compression  stroke. 

Rg.  26  gives  a  sectional  elevation  of  a  "  Cycle "  engine.     A  is  the 
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ExhOMSt  stroke, 
PoiUion  a. 


cylinder,  P  the  piston,  at  W  the  water  enters  the  jacket.  The  cylinder 
is  placed  upon  a  strong  base-plate  B,  in  the  interior  of  which  is  the 
mechanism  for  transmitting  power  to  the  crank.  E  is  the  lever,  H  the 
small  crank  or  vibrating  link,  the  end  of  which  only  is  seen,  C  is  the 

^,_^  connecting-rod,    M    the    lever 

joining  H  to  the  crank  shaft 
K,  and  L  the  fixed  point  in  the 
base,  about  which  the  lever  E 
and  the  small  crank  H  oscillate. 
The  ball  governor  acts  upon  the 
gas  admission  valve  by  a  lever 
and  rod.  As  long  as  the  speed 
is  regular,  the  valve  opens  to 
admit  the  gcw.  The  valve-rod  v 
rests  against  it,  but  is  not  solid- 
ly connected,  and  if  the  speed 
be  increased  it  is  drawn  back, 
the  valve  remains  closed,  and 
no  gas  is  admitted.  The  valves 
for  admitting  and  discharging 
the  gases  are  worked  by  two 
rods,  one  of  which  is  shown  at 
m,  and  opened  by  two  cams  on 
either  side  of  the  crank  shaft. 
The  ignition  tube  i  is  perman- 
ently open  to  the  cylinder,  and 
has  no  timing  valve.  The  igni- 
tion of  the  charge  was  based 
upon  the  theory  that  a  small 
quantity  of  the  gases  of  combus- 
tion always  remained  in  this 
nan*ow  passage.  The  pressure 
of  the  return  stroke  drove  these 
gases  and  a  portion  of  the  fresh 
compressed  mixture  up  the  red- 
hot  part  of  the  tube,  where  they 
ignited,  and  spreading  back  into 
the  cylinder  fired  the  remainder. 


AdmiJUtion 

of  charge. 

FoBition  b. 


of  charge, 
position  c. 


RxjAoHon 

<C'  Exjxins(o», 

Position  d 


Fig.  27. — Atkinson  Cycle  Engine — Four  posi- 
tions of  Link  and  Toggle  Motion.     1886. 


The  method  worked  well,  owing  probably  to  the  purity  of  the  charge 
obtained  by  the  long  exhaust  stroke,  and  the  moment  of  firing  was 
determined  by  raising  or  lowering  the  chimney,  and  altering  the 
position  of  the  tube.  • 

The  distinguishing  feature  of  the  Atkinson  engine  was  the  link  and 
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tx>ggle  motion  shown  in  four  positions  at  Fig.  27.  A  is  the  cylinder  and 
P  the  piston,  c  is  the  connecting-rod  to  the  small  vibrating  link  H, 
which,  through  E,  is  joined  to  the  fixed  point  L.  M  is  the  lever  con- 
necting through  the  crank  M^  to  the  crank  shaft  K.  The  relative 
positions  of  these  parts  during  the  four  successive  strokes  of  the  cycle 
are  shown  in  the  drawings.  The  ratio  of  the  cylinder  volume  utilised 
for  compression  was  2*5,  and  for  expcuision  4*3. 

The  proportion  of  expansion  to  admission  and  compression  could  be 
varied  to  suit  any  kind  of  gas,  by  adjusting  the  centre  L  and  link  H. 
The  prolonged  exhaust  stroke  was  a  source  of  economy.  The  gases  were 
discharged  at  a  pressure  of  only  10  lbs.,  and  the  cylinder  being  thoroughly 
cleansed  after  each  explosion,  ignition  was  said  to  be  more  certain. 

Trials. — Trials  on  the  Atkinson  engine  are  given  in  the  table  at  the 
end  of  the  book.  It  was  often  tested,  among  others,  by  Professors 
Unwin,  Schottler,  and  Thurston.  In  an  experiment  made  in  1887,  the 
<»nsumption  of  London  gas  was  22*5  cubic  feet  per  B.H.P.  per  hour,  and 
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Fig.  28. — Atkinson  Cycle  Engine 
— Indicator  Diagram.  Society 
Aria.     1S88. 


Fig.  29.— Atkinson  Cycle  Engine 
— Indicator  Diagram.     1891. 


the  ratio  of  expansion  3f ,  as  compared  with  2^  in  the  Otto.  The  Society 
of  Arts'  experiments  are  mentioned  at  p.  94.  In  these  the  consump- 
tion of  gas  for  the  Atkinson  engine  was  19*22  cubic  feet  per  I.H.P.  per 
hour,  the  lowest  figure  recorded  for  any  of  the  competing  engines.  A 
diagram  of  this  trial  is  given  at  Fig.  28.  A  very  complete  test  was  made 
in  October,  1891,  by  Mr.  Tomlinson,  in  which  the  efficiency  of  the  engine 
and  the  value  of  the  Dowson  gas  used  to  drive  it  were  determined.  The 
engine  indicated  21*95  H.P.,  and  the  consumption  of  anthracite  was 
1*06  lbs.  per  I.H.P.  per  hour.  Fig.  29  shows  a  diagram  taken  at  this 
trial. 

This  ingenious  engine  is  no  longer  made,  and  Mr.  Atkinson  is  now 
with  the  firm  of  Messrs.  Crossley  Bros. 

The  GrifB.n  Ghis  Engine. — This  horizontal  engine,  constructed  by 
Messrs.  Dick,  Kerr  &  Co.,  has  had  some  success  in  England,  in  cases 
where  steadiness  and  regularity  of  speed  are  required  for  electric  lighting. 
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It  belonged  originally  to  the  six-cycle  t3rpe,  was  in  a  certain  sense  double- 
acting,  and  both  sides  of  the  piston  were  used  for  expansion  of  the  charge. 

At  page  57  will  be  found  a  description  of  the  method  of  operations  in 
a  six-cycle  engine.  There  are  six  strokes,  comprising — 1,  Admission  of 
charge;  2,  compression;  3,  explosion  and  expansion;  4,  expelling  pro- 
ducts of  combustion ;  5,  drawing  in  air  or  scavenger  charge ;  6,  expulsion 
of  charge  of  air.  The  defects  of  this  cycle  are — the  want  of  regularity  in* 
the  speed,  and  the  loss  of  power  due  to  the  small  number  of  ignitions, 
there  being  only  one  motor  stroke  in  six.  These  disadvantages  were  to- 
a  certain  extent  avoided  in  the  Griffin,  by  making  it  double-acting,  and 
it  virtually  became  what  may  be  called  a  three-cycle  engine.  Instead  of 
one  ignition  and  one  working  impulse  every  three  revolutions,  a  charge 
of  pure  air  was  admitted  and  an  ignition  obtained,  alternately  on  either 
face  of  the  piston,  at  every  one  and  a  half  revolution  of  the  crank,  and 
for  every  three  strokes.  Thus  the  action  was  much  more  regular,  but 
the  heat  generated  by  the  explosions  taking  place  on  both  sides  of  the 
piston  was  almost  as  great  as  in  the  Lenoir  engine.  This  was  partly 
counteracted  by  the  scavenger  charge  of  air  which,  by  cooling  the 
cylinder,  had  a  beneficial  effect  on  the  temperature  of  the  walls.  To 
diminish  further  the  heat  of  the  explosion,  there  was  not  only  a  water 
jacket  to  the  cylinder  barrel,  but  to  the  cylinder  cover  next  the  crank, 
through  which  the  piston-rod  worked.  This  had  a  cooling  effect  on  the 
rod,  and  the  indicator  diagrams,  taken  during  the  trials  of  the  Society 
of  Arts,  showed  that  the  mean  pressure  in  the  front  end  of  the  cylinder 
was  from  6  to  14  lbs.  lower  than  at  the  back,  where  there  was  no  cover 
jacket.  In  the  twin-cylinder  engine  used  for  electric  lighting,  where 
great  regularity  in  working  is  required,  there  were  two  horizontal 
cylinders  side  by  side,  each  single-acting,  and  having  one  motor  stroke 
in  six.  In  the  one  cylinder  the  cycle  was  three  strokes  in  advance  of 
the  other.  The  forward  motor  stroke  of  one  piston  corresponded  with 
the  expulsion  of  the  scavenger  charge  of  air  in  the  other,  and  admission 
in  one  cylinder  with  exhaust  in  the  other. 

Fig.  30  gives  a  side  elevation,  and  Fig.  31  a  plan  of  the  engine. 
Power  is  transmitted  by  the  connecting-rod  to  the  crank  shaft  K.  The 
counter  shaft  R  is  driven  from  the  crank  shaft  by  worm  gearing  D,  in 
the  proportion  of  3  to  1.  It  revolves,  therefore,  once  for  every  three 
revolutions  of  the  crank  shaft.  The  cylinder  itself,  closed  at  both  ends, 
stands  on  a  base  B,  through  which  the  air  is  drawn  for  the  motor  and 
scavenger  charges.  The  slide  valves  S  Sj,  driven  by  eccentrics  from  the 
counter  shaft,  contain  the  distributing  and  ignition  ports ;  the  two  ex- 
haust valves  E  Ej  worked  by  cams  c  c^,  and  levers,  are  on  the  opposite 
side  of  the  cylinder  to  the  slide  valves.  In  Fig.  31  the  gas  is  admitted 
through  two  valves,  d  and  d^y  controlled  by  the  graduated  cock  n,  the 
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air  enters  at  a  a,,  Fig.  30,  from  B,  and  the  two  mingle  at  the  admission 
Talves  tnntj.     These  valves  are  opened  by  cams  on  the  counter  shaft 


tvice  in  one  revolution,  or  every  one  and  a  half  revolution  of  the  crank 
slisft;  the  gas  valves  dd^  open  only  once  every  revolution,  or  once  for 
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every  three  revolutions  of  the  crank  shaft.  Consequently  every  other 
time  the  valves  m  m^  open,  they  admit  only  pure  air  to  form  the  scavenger 
charge,  and  every  other  time  they  admit  air  mixed  with  gas  from  the 
valves  ddif  to  form  the  explosive  charge.  The  gas  admission  valves  are 
controlled  hy  the  governor  G,  by  means  of  a  cam  with  steps  of  varying 
width ;  the  quantity  of  gas  admitted  is  first  diminished,  then  totally  cut 
off,  on  one  or  both  sides  of  the  piston,  according  to  the  excess  of  speed. 

The  charge  of  gas  and  air  being  thus  admitted  at  either  end  of  the 
cylinder,  the  slide  valves  S  Sj  worked  by  the  eccentrics  r  r^  are  alternately 
raised  once  in  every  revolution  of  the  counter  shaft,  and  the  fresh  mix- 
ture is  made  to  communicate  through  the  passages  shown  in  Fig.  30  with 
the  permanent  burners  6  b^  The  charge  is  thus  fired,  and  the  mixture 
explodes,  driving  the  piston  forward.  The  exhaust  valves  at  E  Ej,  Fig. 
31,  are  worked  as  in  the  Otto,  by  cams  cc^  and  levers  pa,ssing  beneath 
the  cylinder.     These  cams  on  the  counter  shaft  R  open  the  exhaust  first 

at  one  end,  then  at  the  other  of  the 
cylinder,  every  half  revolution  of  the 
counter  shaft.  TT^  are  the  oil  cups 
lubricating  the  cylinder. 

Three  trials  were  made  upon  the 
engine,  the  first  by  Professor  Jamieson, 
the  second  by  Professor  Kennedy,  both 
at  Kilmarnock,  the  third  at  the  Society 
of  Arts'  trial  competitions  in  1888.  In 
Professor  Kennedy's  trial  an  engine  was 
tested  of  14-2  B.H.P.,  tirith  23-6  cubic 
feet  of  gas  consumed  per  B.H.P.  hour. 
At  the  trials  of  the  Society  of  Arts  (diagram  Fig  32),  the  engine 
indicated  15*47  H.P.,  and  the  consumption  of  gas  was  28  cubic  feet 
per  B.H.P.  hour ;  the  London  gas  used  was  poorer  than  the  Scotch. 

The  Griffin  engines  were  afterw^ards  worked  with  the  Otto  cycle,  the 
scavenger  charge  of  air  being  omitted.  For  all  powers  above  12  H.P. 
they  were  constructed  double-acting,  with  explosion  of  the  charge  and 
motor  stroke  on  each  side  of  the  piston.  The  following  table  shows  the 
working  method : — 


0-0    0-t    0-t    OS    Oi    OS     0-9    0-7  Cuf^F*- 


Fig.  32.— Griffin  Engine— Indicator 
Diagram.     Society  Arts.     1888. 


Front  of  Piston  (Crank  end). 

1.  Forward  stroke — Admission  of 

charge. 

2.  Back  stroke — Compression    of 

charge. 

3.  Forward  stroke — Explosion  and 

expansion. 

4.  Back  stroke — Exhaust. 


One 
revolution. 


One 
revolution. 


Back  of  Piston. 

1.  Back  stroke — Exhaust. 

2.  Forward  stroke — Admission  of 
charge. 

3.  Back  stroke — Compression   of 
charge. 

4.  Forward  stroke — Explosion  and 
expansion. 
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Loft  valves  were  used,  worked  from  the  valve  shaft,  and  performing  a 
double  set  of  functions  at  either  end  of  the  closed  cylinder.  Motors 
intended  to  drive  dynamos  were  fitted  with  an  especially  sensitive 
governor  worked  by  bevel  wheels  from  the  valve  shaft,  which  acted  by 
controlling,  but  not  by  cutting  off,  the  supply  of  gas  until  the  load  was 
reduced  to  one-third.  The  former  arrangement  of  a  cam  with  steps  was 
discarded  in  some  of  the  larger  sizes,  but  retained  in  the  smaller.  In  the 
double-acting  engines  the  governor  usually  cut  out  the  ignitions  on  one 
side  of  the  piston,  while  the  cycle  was  carried  out  as  before  on  the  other. 
In  a  later  type  of  two-cylinder  engines  there  was  an  explosion  and  a 
motor  impulse  at  each  stroke,  the  charge  being  ignited  and  expanded  in 
each  cylinder  alternately  at  either  end,  while  it  was  admitted,  compressed, 
and  discharged  in  the  other.  The  following  diagram  explains  the  working 
action  of  the  Griffin,  as  compared  with  the  Otto  engine  : — 


(a)  Otto — I    explosion — 2   revs. — one    cylinder, 
single-acting,  open  end. 

(b)  Griffin — 1   explosion — I   rev. — one  cylinder, 
double-acting,  closed  ends. 

(c)  Otto — 1    explosion — 1    rev. — two  cylinders, 
single-acting,  open  ends. 

(d)  Griffin — 2  explosions —  Irev. — two  cylinders, 
double-acting,  closed  ends. 

Fig.  33. — Diagram  of  Single-  and  Double-Cylinder  Explosion  Engines. 

Note. — Dark  mark  represents  explosion,  1  circle  1  rev.,  2  circles  2  revs.  All  with 
four-cycle — 1  stroke  taking  in  charge,  1  stroke  compressing,  1  stroke  exploding,  and 
1  stroke  exhausting. 

For  large  powers,  the  Griffin  engines  were  usually  driven  with  Dowson 
or  other  generator  gas.  In  a  large  tandem  engine  there  were  three 
cylinders,  side  by  side,  the  two  outer  high-pressure,  the  inner  low- 
pressure.  One  of  the  high-pressure  cylinders  exhausted  into  the  latter, 
the  other  into  the  atmosphere.  The  engine  indicated  over  600  H.P. 
with  generator  gas,  and  ran  at  1 20  revolutions  per  minute. 

Griffin  engines  were  installed  in  the  electric  light  station  at  Belfast, 
but  were  latterly  used  as  a  reserve.  They  were  started  by  the  dynamos, 
and  the  speed  regulated  by  the  governor  acting  on  cams  divided  into 
layers,  thus  varying  the  time  during  which  the  gas  was  admitted  to  the 
cylinders,  and  the  strength  of  the  explosion,  but  not  cutting  out  any 
ignitions.  The  plant  consisted  of  six  engines — ^four  with  two  cylinders, 
and  two  single-cylinder,  all  double-aoting.     The  larger  engines  indicated 
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up  to  120  H.P.,  and  generated  77  electrical  H.P.  Trials  made  on  it 
showed  a  consumption  of  18*2  cubic  feet  of  lighting  gas  per  I.H.P.,  and 
23-9  cubic  feet  per  electrical  H.P.  per  hour,  during  a  continuous  run  of 
six  hours,  the  engines  indicating  111  H.P.  at  a  speed  of  161  revolutions 
per  minute.  The  diameters  of  the  tandem  cylinders  were  13^  inches  and 
13|  inches  respectively;  stroke  20  inches. 

Stookport. — ^The  Stockport  engine,  made  by  Messrs.  Andrew  <fe  Co., 
and  introduced  in  1883,  was  originally  a  two-cycle  single-acting  motor,  in 
which  compression  took  place  in  an  auxiliary  pump,  and  an  explosion 
every  revolution  was  obtained.  This  division  of  the  cycle  of  operations 
between  two  cylinders  added  to  the  size  and  cost  of  an  engine,  but 
increased  its  steadiness  in  running.  In  this  respect  the  motor  resembled 
the  Clerk.     About  2,000  have  been  made. 

The  two  horizontal  cylinders,  motor  and  pump,  were  placed  opposite 
each  other  on  the  same  axis,  upon  a  base  through  which  the  compressed 
charge  was  conveyed  from  one  to  the  other.  Each  had  a  trunk  piston 
with  the  crank  shaft  placed  between  them.  The  motor  carried  two  slide 
valves,  a  vertical  valve  for  admitting  the  charge,  driven  from  an  eccentric 
on  the  crank  shaft,  and  a  horizontal  slide  valve,  carrying  the  ignition 
flame  in  a  hollow  cavity ;  the  latter  was  afterwards  superseded  by  hot- 
tube  ignition.  The  two  pistons  moved  alternately  in  and  out,  the 
forward  stroke  of  the  pump  drawing  the  charge  through  the  admission 
slide  valve,  while  the  corresponding  back  stroke  of  the  motor  piston 
uncovered  the  exhaust  port,  and  drove  out  the  products  of  combustion. 
The  following  back  stroke  of  the  pump,  corresponding  with  the  forward 
expansion  stroke  of  the  motor,  compressed  the  charge  through  the  same 
slide  valve  into  a  hollow  chamber  in  the  base-plate.  The  pressure  then 
opened  a  valve  into  the  working  cylinder,  and  the  exhaust  port  being 
uncovered,  the  incoming  charge  helped  to  drive  out  the  products  of 
combustion.  The  return  stroke  of  the  motor  piston  closed  the  exhaust 
port,  ignition  followed,  and  the  cycle  recommenced. 

The  hot-tube  ignition  was  a  novel  feature  of  this  engine.  At  first 
these  tubes  were  always  made  of  cast  iron,  and  lasted  only  about  thirty 
hours.  Under  ordinary  conditions,  they  are  rapidly  burnt  out  by  the 
great  heat  to  which  they  are  subjected,  and  the  quick  variations  of 
temperature  produce  great  changes  and  deterioration  in  the  metal.  The 
fresh  compressed  charge  entering  the  tube  at  each  stroke  is  always  at  a 
high  temperature,  while  the  residuum  of  exhaust  gases  left  in  it  during 
the  out  stroke  is  relatively  cooler,  cuid  owing  to  these  alternations  of  heat 
the  tube  speedily  bums  away.  In  the  Atkinson  and  other  engines  a 
high  chimney  was  placed  round  the  tube  to  protect  it  from  draught,  and 
some  makers  use  porcelain  tubes.  Messrs.  Andrew  introduced  a  special 
composition,  made  of  an  alloy  of  silver,  <S:c.,  which  is  said  to  last  for 


THE  STOCKPORT  ENGINE.  73 

several  months,  and  not  to  fuse  or  cake.  Ignition  tubes  have  the 
advantage  of  being  easily  removed  and  changed  when  worn  out,  and  are 
almost  universally  used  in  England.  They  are  simple  and  regular  in 
action,  but  their  temperature  is  not  so  high  as  that  of  the  electric  spark, 
and  ignition  is  perhaps  more  difficult.  For  this  and  other  reasons,  the 
eharge  is  generally  fired  by  electricity  on  the  Continent. 

In  the  second  double-acting  type  there  were  two  motor  cylinders  and 
two  pumps,  all  horizontal.  The  motor  pistons  worked  on  to  the  single 
crank  placed  between  them,  whil^  the  pumps  actuated  a  second  smaller 
crank  on  the  main  shaft,  revolving  slightly  in  advance  of  the  main  crank. 
An  impulse  was  obtained  at  every  half  revolution,  and  the  engine  ran 
with  great,  steadiness.  The  third  type,  with  one  cylinder  and  one 
differential  piston,  was  vertical.  The  lower  side,  on  which  the  charge 
was  expanded  and  discharged,  was  smaller  in  diameter  than  the  upper, 
on  which  it  was  admitted  and  compressed.  Thus,  the  piston  virtually 
divided  the  cylinder  into  two  parts  of  unequal  area,  in  which  two 
different  sets  of  operations  took  place  simultaneously. 
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CHAPTER    VI. 
THE  OTTO  GAS  ENGINE,  1 876. 

Contents.— Original   Type— Slide    Valve— Exhaust— Ignition    Hot    Tube— Deutz 
Otto — Cro8sley-0tto — Scavenging  Engine — Trials — Lanchester  Self-Starter. 

It  is  to  Otto,  the  celebrated  German  engineer,  that  the  honour  belongs  of 
having  first  produced  a  practical  working  gas  engine  using  compression, 
and  giving  an  economical  cycle  of  operations.  The  Otto  engine  was 
brought  out  at  a  time  when,  in  the  competition  between  gas  cuid  steam, 
the  balance  inclined  so  much  in  favour  of  the  latter,  that  it  even  seemed 
possible  that  gas  engines  would  be  driven  altogether  from  the  field.  The 
construction  of  the  Lenoir  and  Hugon  engines  had  been  more  or  less 
relinquished,  on  account  of  the  quantity  of  gas  they  consumed.  Of  all 
their  successive  imitators,  none  supplied  the  long-felt  want  of  an  engine 
working  as  steadily  and  economically  as  steam,  always  ready  for  work, 
where  a  steam  engine  could  not  be  used.  The  Otto  and  Langen  engine, 
which  followed  the  Lenoir  and  Hugon,  was  never  popular,  owing  to  its 
unsteadiness,  noise,  and  irregularity.  The  inventors  were  fully  cognisant 
of  these  defects,  and  for  years  they  laboured  to  remedy  them,  working  on 
the  principle  of  admitting  the  gas  and  air  at  atmospheric  pressure.  At 
length,  however,  to  the  surprise  of  the  engineering  world,  they  gave  up 
altogether  this  method  of  construction,  and  patented  in  1876  an  engine, 
shown  at  the  Paris  Exhibition  of  1878,  which  differed  considerably  from 
any  hitherto  made. 

Compression. — The  important  innovation  introduced  in  the  Otto- 
engine  was  the  compression  of  the  charge  of  gas  and  air  before  ignition. 
The  advantages  of  this  method  have  been  already  described.  Beau  de 
Bochas  had  in  1862  laid  down  the  axiom  in  his  patent  that  no  gas  engine 
could  be  economical  unless  its  cycle  included  compression  of  the  mixture 
after  admission.  Tet,  although  the  extravagant  consumption  in  gas 
engines  was  universally  admitted,  no  one  proposed  to  adopt  compression 
as  a  means  of  diminishing  it  till  Otto's  engine  appeared.  Even  the  in- 
ventor himself  did  not  seem  to  understand  the  radical  nature  of  the 
change  he  introduced.  He, attributed  the  reduction  in  the  consumption 
of  gas  and  the  popularity  of  his  engines,  not  to  compression,  but  to  the 
stratification  of  the  charge  as  it  entered  the  cylinder.  The  novel  method 
of  admission  and  ignition  was  expressly  protected  in  the  patents.     What- 


THE  ORIGINAL  OTTO  ENGINE.  75 

eTer  the  cause,  the  success  of  this  engine  was  from  the  first  undoubted, 
and  practically,  for  many  years  after  it  was  brought  out,  few  others  were 
sold  to  any  large  extent.  For  this  reason,  on  account  of  its  excellent 
design  and  workmanship,  and  because  the  Otto  or  four-cycle,  as  it  is 
caUed,  practically  superseded  all  others  for  many  years,  it  will  be  useful 
to  consider  carefully  the  constructive  details  and  working  of  the  Otto 
engine,  although  it  was  patented  as  early  as  1876. 

Original  Otto. — In  this  motor,  the  whole  cycle  advocated  by  Beau 
de  Kochas  is  effected  in  one  cylinder,  in  accordance  with  his  patent.  The 
cycle  is  divided  between  four  piston  strokes,  two  forward  and  two  back 
(two  revolutions),  cuid  one  explosion  or  motor  impulse  is  obtained  for 
every  four  strokes.  The  original  type  of  the  engine  is  horizontal,  and  the 
end  of  the  cylinder  nearest  the  crank  is  open.  The  first  stroke  of  the 
piston  towards  the  crank  (forward)  draws  in  the  charge;  the  second  stroke 
(return)  compresses  it,  and  ignition  follows  at  the  inner  dead  point.  In 
the  third  stroke  (forward)  the  force  of  the  explosion  drives  out  the 
piston,  and  in  the  fourth  stroke  (return)  the  products  of  combustion 
are  discharged.  The  third  is  the  only  motor  stroke,  in  which  the 
pressure  of  the  gases  produced  by  explosion  causes  them  to  expand^ 
forcing  out  the  piston,  and  performing  actual  work.  All  these  operations 
are  carried  out  and  completed  at  the  end  of  the  cylinder  away  from  the 
crank,  and  on  one  side  of  the  piston  only. 

At  this  working  end  there  is  a  clearance  space,  comprising  originally 
about  four-tenths  of  the  whole  volume  of  the  cylinder,  into  which  the 
charge  is  compressed,  and  where  ignition  takes  place.  As  the  piston  does 
not  enter  this  clearance,  the  gases  of  combustion  can  never  be  cotnpletely 
expelled,  but  a  portion  is  always  left  in  the  compression  space  to  mingle 
with  the  incoming  charge.  Otto  considered  that  it  was  an  advantage 
thus  to  retain  a  part  of  the  products  of  combustion,  to  act  as  a  cushion 
against  the  piston,  and  deaden  the  shock  of  the  explosion.  As  only  one 
motor  impulse  is  given  in  four  strokes,  the  motion  for  the  other  three 
must  be  obtained  from  the  impetus  of  the  moving  parts.  Hence  the  fly- 
wheel is  made  larger  and  heavier  than  usual.  There  is  one  other 
peculiarity  of  structure  to  be  mentioned,  in  studying  the  original  Otto 
type.  In  most  gas  motors  the  charge  itself  is  carried  past  the  flame,  or 
ignited  by  an  electric  spark.  Here  the  gas  was  supplied  for  three 
different  purposes  through  separate  pipes.  There  was  first  the  supply 
pipe,  providing  gas  to  mix  with  air  for  the  charge,  and  controlled  by  the 
governor ;  another  for  the  permanent  outside  flame  ;  and  lastly,  a  branch 
pipe  feeding  a  small  intermediary  chamber  in  the  slide  valve,  which  com- 
municated first  with  the  outside  flame,  then  with  the  compressed  mixture, 
and  fired  the  charge.  This  arrangement  has  been  abandoned  in  the  later 
engines. 
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Fig.  34  gives  a  side  elevation,  Fig.  35  a  plan  of  an  8  H.P.  motor, 
and  Fig.  36  an  end  view  of  the  Otto  engine.     The  different  parts  are 
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similarly  lettered  in  the  three  drawings.     A  is  the  motor  cylinder,  and 
P  the  piston,  shown  in  Fig.  35  at  its  furthest  point  in  the  in  stroke,  with 
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die  Mmpreasiou  or  clearance  space  behind  it.      At  the  crank  end  the 
cylinder  u  open.     Tb«  piston-rod  is  keyed  to  the  crossbead  P',  to  which 


■^nnecting-rod  C,  working  on  to  the  crank  shaft  E,  is  also  attached. 
^  the  counter  shaft,  driven  by  the  wheels  E  and  F  from  the  crank 
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shaft,  and  revolving  at  half  the  speed  of  tlie  latter.  This  abaft  B  has 
many  functions  to  perform.  Through  a  ci'ank  H  and  small  lever  I  it 
drives  the  slide  valve  S,  where  the  charge  is  admitted,  ignited,  and  ex- 
ploded. Below  is  the  ball  governor  Q,  acting  upon  the  gaa  valve  L,  and 
regulating  the  supply ;  a  cam  and  tappet  (  upon  the  counter  shaft  open 
the  exhaust  valve  «  once  in  every  revolution ;  and,  lastly,  a  strap  from  it 
drives  the  oiling  gear  D  above  the  cylinder,  and  supplies  oil  as  long  as 
the  engine  is  working.  The  cylinder  is  surrounded  by  a  water  jacket  ^V. 
It  has  two  openings,  a  and  b — a  is  the  charging  port,  filled  first  with  gas 
and  air  at  atmospheric  pressure  from  the  distributing  chamber  in  the 
slide  valve,  and  then  with  part  of  the  compressed  charge,  and  through 
this  port  a  tongue  of  flame  shoots  into  the  cylinder,  and  explodes  the 
remainder ;  b  is  the  opening  for  the  exhaust,  and  the  gases  of  combustion 


Fig.  36.— Otto  Engine— End  View.     1876. 

pass  out  at  e.  Below  at  m  is  another  opening  through  which  air  is  ad- 
mitted into  the  slide  valve,  mingles  with  the  gas,  and  is  carried  forward 
until,  at  a,  it  enters  the  cylinder. 

In  Fig.  36  the  double  branching  of  the  gas  pipe  to  supply  the  per- 
manent outside  burner,  and  the  temporary  flame,  is  seen  at  B'.  The 
slide  valve  S  is  worked  by  crank  H  and  lever  I ;  <;  is  the  exhaust  opened 
by  lever  k,  and  the  cam  (  on  the  counter  shaft.  The  governor  works 
upon  the  gas  valve  L  by  a  series  of  levers,  r,  r',  while  a  handle  at  r" 
regulates  the  admission  of  gas  to  the  valve  from  the  rubber  gas  bag. 

Slide  Talve. — The  slide  valve  of  this  engine  is  an  ingenious  piece 
of  mechanism.  There  is  first  the  face  next  the  cylinder,  secondly,  the 
valve  proper,  and,  thirdly,  the  cover  on  the  outside ;  the  latter  is  held 
against  the  valve  by  springs  and  screws.  The  slide  valve  alone  is  driven 
to  and  fro  ;  the  other  parts  are  fixed.     Fig.  37  gives  a  sectional  plan  of 
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the  three  parts,  and  their  connection  with  the  cylinder.  Here  A  repre- 
sents the  cylinder,  £  the  slide  face,  S  the  slide  valve,  and  D  the  cover. 
W  is  the  water  jacket,  a  the  charging  port  introducing  the  mixture  into 
the  cylinder,  m  the  opening  in  the  slide  face  for  admitting  the  air,  which 
passes  at  o  into  a  chamber  in  the  slide  valve  with  three  openltigs,  Q  and 
M,  and  n  opening  to  the  slide  cover.  Shortly  after,  as  the  slide  valve 
passes  from  right  to  left,  the  gas  is  admitted  from  L  in  the  cover, 
through  n  into  the  chamber.  Continuing  its  motion  in  the  same  direc- 
tion, the  slide  next  brings  the  opening  Q  of  the  chamber  opposite  a,  and 
its  contents  are  discharged  into  the  cylinder,  to  be  there  compressed  by 
the  Dext  bock  stroke  of  the  piston. 

Meanwhile,  at  the  other  end  of  the  slide  valve,  a  different  series  of 
operations  have  been  taking  place  at  the  same  time.  At  B  is  the  per- 
manent burner  in  the  slide  cover,  open  to  the  atmosphere.     While  the 


Fig.  37.— Ott«  Engine,  1876— Sectional  Plan  of  Slide  Valve. 

slide  valve  passes  from  right  to  left,  the  chamber  N  is  brought  opposite 
B,  but  as  it  contains  no  gas  no  ignition  occurs.  But  as  soon  as  it  reaches 
d,  gas  from  the  third  pipe  is  introduced  into  it  through  a  grooved  hollow 
in  the  cover.  Before  the  slide  valve  commences  its  return  movement, 
and  while  the  mixture  is  being  compressed  in  the  cylinder,  the  chamber 
N  is  filled  with  gas  from  d,  ignites  on  passing  before  B,  and  when  brought 
opposite  the  cylinder  port  a  fires  the  charge.  It  is  necessary,  however, 
to  equalise  the  pressure  of  the  gas  flame  and  of  the  charge,  lest  the  flame 
be  blown  out  As  long  as  the  small  lighting  port  is  in  communication 
with  the  atmosphere  through  B  the  flame  is  easily  maintained,  but  as  the 
slide  moves  onward,  and  connection  is  cut  off,  it  begins  to  fail.  There- 
fore, before  it  reaches  a,  a  bole  is  passed  in  the  slide  face,  communicating 
timnigh  a  T-shaped  passage  with  the  charging  port.  A  small  portion  of 
the  compressed  charge  passes  through  it  to  the  flame  in  N,  and  establishes 
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an  equilibrium  of  pressure  between  the  mixture  in  the  cylinder  and  the 
flame,  before  the  latter  reaches  and  fires  the  charge. 

Figs.  38  and  39  give  a  vertical  view  of  the  slide  and  slide  cover.  In 
the  latter  L  is,  as  before,  the  pipe  to  admit  the  main  supply  of  gas,  B'  is 
the  smaller  gas  pipe  feeding  the  permanent  flame  B,  Fig.  37.  Through 
another  small  pipe  the  gas  passes  at  d,  Fig.  39,  and  through  the  grooved 
passage  d*  to  the  lighting  chamber  N,  Fig.  38.  Above  this  chamber  is 
the  hole  at  t  through  which,  and  a  passage  in  the  slide  face,  communica- 
tion  is  established  between  the  cylinder  and  the  light,  as  soon  as  the 
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Fig.  38.— Otto  Engine— Vertical  View  of 
Slide.  Valve. 

slide  passes  the  opening  of  the  passage.  At  cc,  Fig.  38,  are  the  holes 
for  the  gas  entering  the  admission  and  distribution  chamber  M  Q.  Figs. 
40  and  41  show  a  vertical  section  of  the  slide  valve  and  cover,  with  the 


Fig.  39.— Otto  Engine— Vertical  View  of 
Slide  Cover.     1876. 

arrangement  of  the  ignition  flame.  The  parts  are  lettered  as  before. 
N  is  the  lighting  chamber  in  the  slide,  B  the  permanent  burner  in  the 
slide  cover.  In  Fig.  40  the  flame  at  N  is  shown  while  being  formed. 
Air  enters  from  below,  gas  through  the  groove  c?',  corresponding  with 
the  opening  d  in  the  slide  cover,  Fig.  37,  and  passes  through  this  T-shaped 
channel  into  N.  The  chamber  being  in  communication  with  the  flame 
burning  in  the  chimney,  the:  charge  in  it  is  ignited.  Fig.  41  gives  a 
view  of  the  intermediary  flame  in  chamber  N,  after  it  has  been  cut  oflf 
from  the  outer  burner,  and  from  the  gas  pipe  d.     The  T-shaped  passage 
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cT  here  opens  on  the  other  side  into  the  cylinder  port  throngb  i,  and  a 
small  portion  of  the  compressed  charge  p«8ea  through  into  N.  Shortly 
after,  the  port  is  brou^t  opposite  the  cylinder  port  a  and  ignition 
follows.     Thus  during  one  piston  stroke  three  operations  take  place, 


and  the  slide  valve  has  to  form  and  kindle  the  intermediary  flame, 
equalise  the  pressure  between  it  and  the  charge  in  the  cylinder,  and 
ignite  the  latter. 

The  method  by  which  all  these  .various  actions  are  timed  to  occur  is 
ingenious.     Fig.  42  gives  a  diagram  of  the  proportional  movements  of 
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the  motor  crank,  the  counter  shaft,  and  the  slide  valve.  The  Soman 
figures  represent  the  positions  of  the  crank,  the  Arabic  figures  those  of 
the  counter  shaft,  while  the  letters  a,  6,  e,  d  show  the  movement  of  the 
slide  valve. 
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As  the  motor  crank  moves  from  I.  to  II.  in  the  direction  of  the 
srrow,  the  crank  on  the  counter  shaft  which  is  set  at  an  angle  of  45° 
behind  it  passes  from  1  to  2,  and  the  slide  valve  moves  from  a  to  &  and 
back  again.  During  this  time  the  piston  moves  out,  and  the  fresh  charge 
is  dr»wn  at  atmospheric  pressure  into  the  cylinder.  Fig.  43  gives  this 
position  at  A.  Air  is  admitted  at  m,  gas  at  N,  and  both  after  mixing 
in  chamber  MQ  (Fig,  37)  pass  through  a  into  the  cylinder.  The  next 
crank  movement  completing  the  first  revolution  ia  from  II.  to  III.  (Fig. 
42) ;  the  counter  shaft  moves  from  2  to  3,  the  slide  valve  from  a  to  c. 
Fig.  43,  £,  indicates  the  position  of  the  slide  valve.  All  the  ports  of 
the  cylinder  are  closed,  while  the  piston  compresses  the  charge.  The 
lighting  chamber  ia  brought  opposite  the  permanent  flame  and  fired,  and, 
through  the  port  for  equalising  the  pressure,  part  of  the  charge  in  the 
cylinder  is  also  compressed  into  it  by  the  return  movement  of  the  piston. 
Position  III.  (Fig.  42)  represents  the  inner  dead  point;  ignition  and 
explosion  take  place,  and  drive  the  pi.ston  through  its  second  forward 


Fig.  43. — Otto  Engine— Positions  of  Purts  and  Passagea.  1876. 
and  only  motor  stroke.  The  crank  shaft  revolves  from  III.  to  IV.,  the 
counter  shaft  from  3  to  4,  the  slide  valve  passes  from  e  to  d  and  back 
again.  Fig.  43,  C,  shows  the  progress  of  the  slide  during  and  after  the 
ignition  of  the  charge.  From  IV.  to  I.  the  crank  completes  its  second 
revolution,  the  counter  shaft  passing  from  4  to  1  concludes  one  revolu- 
tion, and  the  slide  valve  moves  from  e  to  a  and  takes  up  position  D 
<Fig.  43).  All  the  admission  ports  are  closed  to  the  cylinder,  while  the 
products  of  combustion  are  driven  out  through  the  exhaust  by  the 
second  return  stroke  of  the  piston. 

By  this  arrangement  air  enters  the  mixing  chamber  M  (Fig.  37),  and 
ia  passed  on  into  the  cylinder  during  nearly  the  whole  of  the  admission 
stroke,  but  gas  is  only  admitted  during  the  latter  part.  The  two  ports 
are  ao  proportioned  that  the  ingress  of  air  is  first  cut  off,  and  gaa  enters 
alone  at  the  end  of  the  stroke.  The  effect  of  this  distribution  on  the 
stratification  of  the  charge  will  be  discussed  further  on.  A  diagram 
showing  the  working  cycle  in  the  Otto  engine  will  be  found  in  Roots' 
Cydet  of  Gas  and  Oil  Engines,  p.  47. 
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Fig.  44  gives  a  view  of  the  exhaust  valve.  The  lever  opening  it,  K, 
shown  also  in  Fig.  36,  passes  beneath  the  motor  cylinder  A,  and  is  worked 
by  a  cam  t  on  the  counter  shaft  R.  The  end  of  the  lever  is  held  against 
the  counter  shaft  by  a  spring.  At  a  given  moment  the  cam  t  presses  one 
end  of  the  lever  down,  and  the  other  raises  the  lift  valve  «';  b  is  the 
opening  into  the  cylinder,  and  e  the  discharge  into  the  exhaust.  When 
valve  «'  is  raised,  the  action  of  the  piston  drives  the  products  of  combus- 
tion through  b  and  e.  The  cam  being  one-quarter  the  circumference  acts 
upon  the  valve  during  one-quarter  of  a  counter-shaft  revolution,  or  one 
stroke  of  the  piston.  A  second  cam  upon  the  other  side  of  the  shaft  can 
also  be  adjusted  to  push  down  the  lever,  and  hold  open  the  valve,  when 
starting  the  engine,  during  the  compression  as  well  as  the  exhaust  stroke. 
This  method  of  diminishing  the  pressure  in  the  cylinder  while  starting 
has  been  adopted  in  other  engines  besides  the  Otto.  The  second  cam  is 
easily  disconnected  from  the  shaft,  as  soon  as  the  engine  is  at  work. 

The  speed  of  the  engine  is  regulated  as  shown  in  Figs.  35,  36  (pp.  77, 
78).     Upon  the  counter  shaft  R  is  a  socket  with  a  tappet  o,  having  a 
similar  action   to  the   exhaust  cam. 
When    the    shaft    is    revolving    at 
ordinary  speed,  this  tappet  regularly 
catches  and  pushes   up   one   end   of 
the  lever  q^  resting  upon  it,  the  other     Sru^ 
end  of  which  terminates  in  the  rod 
r,  opening  the  gas  admission  valve  L. 

But  if  the  speed  increases,  the  balls        j..^    44.-Otto  Engine-Exhaurt 
fly  out  and  push  up  another   small  Valve.     1876. 

lever  w,  which,  forcing  the  socket  to 

one  side,  causes  the  tappet  o  to  miss  the  end  of  the  lever  q.  Nothing 
but  air  is  admitted,  and  no  explosion  follows  until  the  speed  is  reduced, 
and  the  tappet  being  again  in  position  acts  upon  the  gas  valve.  The 
handle  a  (Fig.  34)  is  intended  to  raise  the  balls  only  when  starting  the 
engine,  and  falls  back  automatically  after  the  first  explosion. 

Two  methods  were  available  for  regulating  the  speed,  either  to  cut  off 
whoUy  the  supply  of  gas,  or  to  decrease  the  quantity  admitted:  the 
former  was  preferred  as  being  more  economical.  No  gas  could  then  pass 
unbumt  through  the  cylinder,  but,  as  an  explosion  was  missed  every 
time  the  gas  valve  was  closed  by  the  governor,  the  speed  became  irregular. 
Otto  was  obliged,  therefore,  to  modify  the  governing  gear  when  the 
engine  was  used  to  drive  dynamos  for  electric  lighting,  where  a  very 
steady  speed  is  required.  Instead  of  the  tappet,  a  cam  with  graduated 
steps  acted  upon  the  lever  q.  When  the  speed  fluctuated  within 
slight  limits,  the  cam  opened  the  gas  valve  for  a  longer  or  shorter  time, 
and  varied  the  strength  of  the  charge.     The  explosions  were  sometimes 
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weak,  sometimes  strong,  but  never  wholly  missed,  unless  the  speed  was 
so  greatly  increased  that  the  wheel  of  the  lever  slipped  quite  off  the  cam. 
Latterly,  for  small  motors,  Otto  adopted  the  pendulum  type  of  governor, 
which  is  frequently  met  with  in  modern  engines.  It  consists  of  an 
oscillating  weight  at  the  end  of  a  rod,  swinging  backwards  and  forwards 
with  the  motion  of  the  engine  and  of  the  slide  valve,  to  which  it  is 
attached.  As  long  as  the  speed  is  normal,  a  horizontal  rod,  connected  to 
the  pendulum,  fits  at  each  revolution  into  the  notched  end  of  the  valve- 
rod  opening  the  gas  valve.  But  if  the  speed  and  the  motion  of  the  slide 
valve  increase,  the  swing  of  the  pendulum  cannot  overtake  them.  The 
weight  shifts  the  rod  out  of  position,  a  miss  fire  occurs,  and  no  gas 
is  admitted  until  the  speed  of  the  engine  is  reduced. 

The  lubrication  of  the  Otto  engine  is  simple  and  ingenious.  Great 
care  was  necessary  in  oiling  all  the  parts,  especially  the  slide  valve.  Fig. 
45  shows  a  vertical  section  of  the  oiling  apparatus.     An  external  view, 

with  the  two  lubricating  pipes,  is  shown  at 
D,  Fig.  34  (p.  76).  This  apparatus  is  worked 
by  means  of  a  small  pulley  a  and  a  strap  on 
the  counter  shaft.  The  cup  is  filled  with  oil 
into  which  a  small  wire  &,  on  the  same  shaft 
as  the  pulley,  dips  at  every  revolution.  The 
drop  is  wiped  off  on  a  fixed  pin  c  placed  over 
a  trough.  From  the  trough  it  runs  into  one 
of  the  two  pipes,  and  is  carried  either  to  the 
piston  or  the  slide  valve.  Sometimes  this 
arrangement  is  made  in  duplicate,  and  the 
cup  divided  vertically.  Two  kinds  of  oil 
can  then  be  used  at  the  same  time,  the 
better  quality  for  lubricating  the  slide  valve,  and  a  coarser  oil  for  the 
piston.  In  this  apparatus  the  oil  is  kept  cool,  and  lubrication  is  auto- 
matic and  continuous. 

For  starting  small  power  engines,  the  additional  cam  to  keep  the 
discharge  valve  open  during  compression  as  well  as  exhaust  was  found 
sufficient.  But  the  Otto  motors  were  soon  applied  to  larger  powers,  and 
it  then  became  impossible  to  start  them  without  a  special  apparatus. 
Compressed  air  is  now  chiefly  used.  It  is  forced  by  a  small  air  pump 
driven  from  the  engine,  or  from  an  auxiliary  motor,  into  an  air-tight 
reservoir,  and  stored  ready  for  use. 

Few  engines  more  ingeniously  constructed  than  the  Otto  have  yet 
appeared,  and  the  cycle  has  now  been  extensively  adopted  by  many  other 
firms.  More  than  30,000  engines  were  sold  in  the  first  ten  years,  and 
according  to  the  German  firm  46,000  engines,  with  a  total  of  about 
200,000  H.P.,  had,  up  to  about  1895,  been  constructed  by  them.  Con- 
siderably more  than  100,000  engines  are  now  at  work. 


Sectional  elevation. 

Fig.  45.— Otto  Gas  Engine- 
Oiling  Apparatus. 
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Otto  himself  attached,  as  we  have  said,  the  greatest  importance  to  his 
system  of  admitting  the  charge.  The  slide  valve  Is  so  constracted  that 
pure  air  enters  first,  and  mingles  with  the  products  of  combustion  left 
from  the  previous  charge,  which  the  piston  cannot  expel.  Gas  next 
enters  the  slide  valve  and  mixes  with  the  air,  forming  a  charge  in  the 
proportions  of  about  7  of  air  to  1  of  gas.  Finally,  by  the  movement  of 
the  slide  valve,  gas  alone  is  admitted  into  the  cylinder,  feeds  the  bufning 
light,  and  causes  it  to  shoot  into  the  poorer  mixture  like  a  tongue  of 
flame.  Thus  there  are  three  strata  in  the  cylinder,  of  three  different 
degrees  of  richness,  and  the  flame  is  supposed  to  leap  from  one  to 
onotber,  producing  the  slow  combustion  ao  much  desired  by  Otto.  Many 
eminent  scientific  men  supported  his  theory  of  stratification,  while  others 
were  strongly  opposed  to  it,  and  it  has  now  been  discarded. 

The  patents  for  the  Otto  engine, 
which  have  long  since  expired,  were 
formerly  acquired  in  England  by 
Messrs.  Crossley,  vf  Manchester ;  in 
Paris,  by  the  Compagnie  Fran^aise 
des  Moteure  k  Gaz;  in  America,  by 
Schleicher,  Schumm  &  Co.,  of  Phila- 
delphia. The  German  firm  have 
long  been  established  at  Deutz,  near 
Cologne. 

Several    of    these    firms,    while 
adhering   to    the    principle    of    the 
original  type,  have  made  many  alter- 
ations in  the  working  details.    Igni- 
tion by  a  hot  tube  bos  been  sub- 
stituted for  the  flanie  carried  in  the 
aUde  valve.    Fig.  46  gives  two  views 
of  this  method  of  ignition,  as  used  for  many  years ;  it  bos  recently 
been  ^;ain  modified.     C  is  the  passage  into  the  cylinder,  T  the  cast- 
iron  tube,  and  R  the  asbestos  lining  of  the  chimney.     The  tube  is 
closed  at  the  top,  and  kept  at  a  red  heat  by  a  Bunsen  burner  B. 
During  the  compression  stroke  a  cam  on   the  counter  shaft   lifts  the 
lever  L,  and  pushes  up  the  timing  valve  E  into  the  port  D.     No  portion 
of  the  compressed  charge  can,  therefore,  enter  the  tube,  and  any  burnt 
gases  left  in  it  escape  through  A  into  the  atmosphere.     At  the  inner  dead 
point,  when  the  piston  has  completed  the  compression  stroke,  the  cam 
leaves  the  lever  L  free,  E  is  drawn  down  by  the  spring  S,  and  the 
compressed  mixture,  rushing  into  the  red-hot  tube,  is  there  fired  and 
ignites  the  charge.     0  and  F  are  outlet  channels  for  discharging  the 
burnt  gases  through  A.     Thus  a  rich  mixture  alone  enters  the  tube,  and 
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ignition  is  certain.  By  this  method  the  pressure  of  the  charge  is  utilised, 
and  is  made  to  fan  the  flame  instead  of  blowing  it  out.  Porcelain  tubes 
are  now  generally  used  in  the  Crossley-Otto,  as  in  most  other  English 
gas  engines,  and  the  top  of  the  tube  is  often  left  open  to  the  air.  On 
the  Continent,  the  charge,  except  in  very  small  engines,  is  always  fired 
by  electricity.  Messrs.  Crossley  and  Holt  are  also  said  to  have  been 
the  first  to  introduce  the  pendulum  governor,  and  Mr.  Holt  brought 
out  an  ingenious  oiler,  which  lubricates  according  to  the  amount  of 
work  on  the  engine. 

As  the  Otto  engine  became  more  popular,  and  larger  sizes  were 
made,  the  cost  of  working  it  with  town  gas  was  found  to  be  heavy, 
and  several  methods  were  introduced  for  making  gas  more  cheaply  than 
by  distillation  from  coal.  These  will  be  described  later  on ;  the  system 
most  generally  used  is  Dowson's  cheap  gas  producer,  which  reduces 
considerably  the  cost  of  working  an  engine,  as  compared  with  town  gas. 
This  gas,  generated  on  the  spot,  is,  however,  economical  only  when 
employed  for  larger  engines.  As  it  is  much  poorer  than  lighting  gas, 
it  requires  to  be  diluted  with  a  smaller  proportion  of  air;  the  ratio  is 
generally  about  1  of  Dowson  gas  to  li  of  air. 

Deutz-Otto. — For  powers  over  20  H.P.,  the  makers  of  the  Otto 
brought  out  engines  having  two  cylinders  side  by  side,  and  two  sets  of 
valves,  driven  from  an  auxiliary  shaft  placed  between  them.  One 
governor  regulated  the  speed.  The  two  motor  cranks  worked  on  one 
shaft,  and  were  180"  apart,  thus  giving  a  motor  impulse  alternately  from 
each  piston  for  every  revolution  of  the  crank  shaft.  A  two-cylinder 
engine  indicating  30  H.P.  was  shown  at  the  Electrical  Exhibition  at 
Frankfort  in  1891.  Gas  was  supplied  from  a  receiver  controlled  by 
the  governor,  which  could  be  disconnected  from  one  cylinder,  and  made 
to  act  upon  the  other  only,  if  less  power  was  required.  At  Chicago  the 
Deutz  firm  exhibited  seven  gas  engines  from  2  to  20  B.H.P.,  besides  oil 
motors.  A  vertical  6  H.P.  engine,  driven  either  by  gas  or  oil,  and 
running  at  360  revolutions  per  minute,  was  also  shown.  It  had  no 
timing  valve  or  side  shaft,  and  the  exhaust  only  was  driven  by  an 
eccentric,  the  other  valves  being  automatic.  A  flexible  membrane 
connected  to  the  exhaust  valve,  and  depressed  during  each  suction 
stroke,  was  acted  on  by  the  governor,  and  this  method  of  regulating 
the  speed  is  still  retained  in  a  few  small  engines.  Automatic  valves 
have  now  been  discarded,  and  the  valves  of  all  modern  Deutz  engines  are 
driven  from  the  cam  or  valve  shaft,  geared  two  to  one  to  the  crank  shaft. 

In  governing  the  engine,  the  hit  and  miss  principle  has  been  practically 
abandoned.  Until  recently  the  governor  acted  on  a  stepped  cam,  and 
reduced  the  admission  of  gas,  a  proportionally  larger  volume  of  air  being 
admitted.      Thus  the  quality  of  the  charge  was  varied,  but  the  quantity, 
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and  therefore  the  compression,  remained  the  aame.  In  the  latest  type,  as 
shown  at  Fig.  47,  which  is  a  section  through  the  cylinder  head,  the  apindle 
of  the  admission  valve  carries  the  gas  valve,  and  a  piston  valve  to  admit 
the  air,  and  the  three  open  simultaneously.  The  governor,  driven  from 
the  valve  shaft,  acta  upon  a  bell  crank  carrying  a  lever,  the  fulcrum  of 
which  is  connected  to  the  rod  opening  the  inlet  valve.  The  position  of 
the  fulcrum  is  shifted  hy  the  govei-nor  according  to  the  load.     The  valve 


Pig.  47.— DouU-Olto  Gas  Engine— Section  through  Cylinder  Head. 

is  held  open  for  as  long  a  time  a-s  bi'foi-e,  but  the  governor  aete  upon  the 
Hft — i.e.,  the  descent  of  the  valve,  throttles  the  charge,  and  thus  varies  the 
quantity  of  gas  and  air  admitted  to  the  cylinder.  As  the  proportions  are 
not  affected,  an  explosion,  weak  or  strong,  is  always  obtained.  Ignition 
is  by  electricity,  a  magneto-electric  machine  an<l  contact  bi'eaker  being 
geaerslly  used.  In  all  the  larger  engines  the  valves,  cylinders,  and  covers 
are  separately  cooled,  and  the  exhaust  valve  is  often  relieved  by  admitting 
compressed  air  beneath  it.     Both  sight  feed  and  crank-pin  lubrication  are 
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employed,  and  the  coostimptioti  of  oil  is  said  not  to  exceed  1  to  1^ 
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grammea  per  B.H.P.  hour.  All  engines  above  the  smallest  sizes  are 
started  by  compressed  air  admitted  behind  the  piston,  which  after  two  or 
three  revolutions  communicates  sufficient  impulse  to  the  engine  to  draw 
in  a  charge  of  gas  and  air,  and  the  usual  cycle  commences.  A  friction 
coupling,  preferably  on  the  crank  shaft,  is  generally  necessary  to  enable 
the  engine  to  start  without  a  load,  but  other  means  are  sometimes  adopted. 
All  Beutz  engines  are  now  made  horizontal,  except  a  small  vertical  type, 
with  hot-tube  ignition,  in  sizes  from  1  to  5  H.P.,  which  runs  at  260  revo- 
lutions per  minute.  Horizontal  engines  are  single  cylinder  up  to  160 
H.P.,  with  a  speed  of  250  to  1 70  revolutions  per  minute ;  above  this  size 
they  have  two  cylinders  side  by  side.  The  single-acting  tandem  arrange- 
ment has  now  been  abandoned  in  favour  of  the  new  double-acting  type. 

This  interesting  engine,  shown  at  Fig.  48,  resembles  a  horizontal  steam 
engine,  with  cylinder  closed  at  both  ends ;  the  four-cycle  has,  however, 
been  retained,  and  is  carried  out  alternately,  on  either  face  of  the  piston. 
The  thrust  of  the  piston  working  through  stuffing-boxes  is  taken  by  the 
crossbead  and  connecting-rod,  as  shown.  The  cylinder  is  longer  than  in 
the  single-acting  type,  to  allow  space  for  the  double  set  of  admission  and 
exhaust  valves,  the  ignition,  and  the  starting  valves,  which  are  placed  one 
above  the  other  at  either  end.  The  governor  acts  upon  the  admission 
valve-rod,  and  varies  the  lift  by  adjusting  the  fulcrum  of  the  admission 
lever ;  in  this  as  in  other  respects  the  action  is  similar  to  that  of  the 
single-acting  Deutz  engine.  Especial  care,  as  in  all  double-acting  motors, 
is  bestowed  on  the  cooling  water  system.  The  cylinder,  cylinder  covers, 
valve  chest,  and  exhaust  valves  are  all  separately  cooled,  and  the  tempera- 
ture of  each  independently  regulated.  The  piston-rods  are  hollow,  and 
both  pistons  and  rods  are  cooled  by  water  at  a  pressure  of  35  to  40  lbs. 
per  square  inch,  supplied  in  some  engines  by  a  separate  pump.  Another 
pump  delivers  oil  under  pressure  for  lubricating  the  cylinder,  pistons,  and 
stuffing-boxes.  The  engine  is  made  in  sizes  from  150  to  1,500  H.P.  with 
one  cylinder,  and  from  300  to  3,000  H.P.  with  two  cylinders,  either 
tandem  or  side  by  side.  For  larger  powers  up  to  6,000  H.P.  two  tandem 
engines  side  by  side  are  used.  Up  to  the  present  (1905)  the  Deutz  firm 
have  made,  or  have  in  hand,  45  of  these  double-acting  engines,  with  an 
aggregate  of  21,350  H.P.,  to  work  with  blast  furnace,  coke  oven,  brown 
coal,  Dowson,  or  suction-producer  gases.  Of  single-acting  engines  above 
100  H.P.  they  have,  during  the  past  ten  years,  constructed  175,  developing 
37,000  H.P.  The  consumption  of  lighting  gas  of  560  B.T.U.  per  cubic 
foot  heating  value  varies  from  15  to  24  cubic  feet,  according  to  the  size  of 
the  engine.  There  are  now  70,000  Deutz  engines  at  work,  giving  a  total 
of  400,000  H.P. 

CroBSley-Otto. — The  Otto  engine,  described  in  detail  in  the  begin- 
ning of   this  chapter,   is   of    the   original   type   brought   out  in    1876, 
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and   various   modifications  and    improvements  have   since  been  made, 
especially   by   Messrs.   Orossley.       For  all   sizes   of  their  engines    the 
slide   valve  has  now  been  abolished,  and  air  and  gas  are  separately 
admitted  through   lift  or  mushroom   valves,    worked  by  cams  on    the 
valve    shaft,    which   is    driven    by   worm    gear   two   to   one   from    the 
crank   shaft.     The  exhaust  valve,  worked  by  a  cam   and   levers,    has 
been  retained.     In  their   large  power  engines  the  exhaust  valves  and 
spindles  are    made  hollow,   and   cooling  water    is  circulated    through 
them.     Sometimes  equilibrated  exhaust  valves  are  used,  and  the  mush- 
room  valve   is   balanced   by   a   piston   valve   sliding  to   and    fro,    the 
pressure    above  and    below   being    equalised  by  a    hole  through    the 
stem  of    the   valve.      The  back   pressure   in   exhaust  valves  of   large 
dimensions  is  always  considerable,  and  various  methods  of  overcoming 
it    are  employed.     Ignition    by    hot    tube,    instead    of   a   flame    in    a 
cavity,    has    been    already    described.       Communication    between    the 
cylinder  and  the  tube,  for  all  sizes  of   Crossley  engines  above  8  H.P., 
is  made  through   a  timing  valve   worked  by  a  cam,  but  in  the  larger 
engines,    especially    if    driven    by    producer    or    blast  -  furnace    gases, 
electric  ignition  is  preferred. 

Messrs.  Crossley  have  been  among  the  first  to  recognise  the 
necessity  of  great  accuracy  in  governing  gas  engines,  especially  if 
intended  to  drive  dynamos  for  electric  lighting.  Pendulum  or  rotary 
ball  governors  are  used,  and  in  the  latest  types  for  large  engines  the 
quantity,  but  not  the  quality  of  the  charge  varies  with  the  load.  To 
produce  this  result  a  cylindrical  cut-oif  valve,  placed  between  the  gas 
and  air  valves  and  the  admission  valve,  slides  to  and  fro  inside  the 
latter,  and  carries  ports  corresponding  with  others  in  the  casing  of  the 
admission  valve.  The  exact  moment  of  uncovering  these  ports  is 
determined  by  the  governor  acting  on  the  pivot  of  the  eccentric 
working  the  cut-off  valve.  Two  methods  of  lubrication  are  adopted, 
and  both  are  used  in  the  larger  engines.  The  crank  pin  dips  at  each 
stroke  into  an  oil  bath  in  the  base,  and  oil  is  thus  continuously 
supplied  to  the  internal  working  parts ;  and  it  is  furnished  to  the 
external  parts  from  sight-feed  lubricators.  Most  Otto  engines  are  pro- 
vided with  a  safety  apparatus  to  prevent  them  from  starting  backwards, 
and  many  have  special  starting  gear.  Larger  sizes  are  started  by  com- 
pressed air,  as  described,  no  explosions  being  permitted  till  the  piston 
has  moved  out. 

Messrs.  Crossley  have  now  given  up  the  two-cylinder  type  side  by 
side,  described  at  p.  86,  in  favour  of  the  end  to  end  arrangement  shown 
at  Fig.  49.  In  this  engine  both  connecting-rods  work  on  to  the  same 
crank,  and  an  explosion  is  obtained  at  every  revolution.  It  is  made  from 
160  to  540  B.H.P.,  and  runs  at  160  revolutions  per  minute  with  lighting 
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gtu.'  Fig.  50  shows  the  latest  design  of  their  amalleat  horizontal  engine, 
giving  1  and  2  B.H.F.  with  a  speed  of  330  revolutions  per  minute. 
Engines  for  electric  lighting  are  mode  from  400  bo  600  B.H.P.,  to  work 
with  town  or  producer  gas,  and  nearly  10,000  H.P.  have  been  supplied 
for  this  purpose,  generated  by  single-cylinder,  two-,  and  four-cylinder 
engines.  For  working  hoists,  pumping  water  or  sewage,  they  are  some- 
times coupled  direct  on  one  base  plate.  One  of  the  latest  types  is  a 
vertical  engine  with  two  inclined  inverted  cylinders,  developing  with 
producer  gas  55  H.P.  Each  cylinder  has  an  automatic  cut-off  valve, 
acted  on  by  the  governor,  which  regulates  the  supply  of  air  and  gaa 
without  cutting  out  explosions.  Ignition  is  by  a  porcelain  tube  with 
a  timing  vaJve.  Mention  must  also  be  made  of  a  compound  gas  engine 
brought  out  in  1900,  with  two  outer  high-pressure  cylinders,  and  a  low- 


Fig.  SO.— Crosaley  HorizoDtal  2  B.H.P.  Engine.  1905. 
pressure  cylinder  between  them.  Each  cylinder  is  coupled  to  a  separate 
crank,  and  gas  is  admitted  through  a  reciprocating  valve,  moving  at  half 
the  speed  of  the  engine.  In  a  trial  made  in  September,  1900,  the  con- 
sumption of  lighting  gas  was  148  cubic  feet  per  B.H.F.  hour,  but  the 
economy  realised  did  not  compensate  for  the  increased  cost  of  construc- 
tion, and  the  type  has  not  been  repeated. 

Of  large  power  Crossley  engines  a  1,000  H.P.  plant  driven  with 
producer  gas  is  now  working.  An  important  and  typical  example  of  a 
pumping  plant  at  Madely  in  Shropshire  is  described  in  The  Engineer, 
February  6,  1903.  There  are  two  90-H.P.  Crossley  engines,  and  two 
Dowson  generators,  the  plant  being  in  duplicate  to  avoid  any  stoppage  in 
the  water  supply.  Engines  developing  more  than  3,000  H.P.  are  now  at 
work  with  Mond  gas,  and  nearly  50,000  engines  are  said  to  be  now 
running  (1905),  38  of  which  give  over  200  H.P.  each. 
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An  ingenious  arrangement  was  introduced  some  years  ago  by  Mr.  F. 
W.  Crossley  and  Mr.  Atkinson  (who  is  now  with  the  firm),  which, 
although  no  longer  used,  was  one  of  the  first  attempts  to  procure  a 
scavenger  blast  of  air,  and  cleanse  the  cylinder  of  the  products  of  com- 
bustion.  The  exhaust  pipe  was  lengthened  to  about  65  feet,  and  the 
admission  of  the  charge  was  slightly  modified,  the  air  valve  being  opened 
in  advance  of  the  gas  valve,  and  a  little  before  the  end  of  the  exhaust 
stroke.  The  pressure  of  the  gases  in  the  cylinder  combined  with  the 
speed  created  by  the  long  exhaust  pipe  to  cause  a  strong  current  oi  fresh 
air  through  the  compression  space,  sweeping  out  the  burnt  products,  and 
cleansing  the  cylinder  from  the  residuum  of  the  former  charge,  before  the 
gas  valve  opened  and  a  fresh  mixture  began  to  enter.  The  process  was 
assisted  by  the  partial  vacuum  caused  by  the  reduced  pressure  in  the 
cylinder. 

A  scavenger  charge  is  now  recognised  as  of  special  advantage  in 
engines  worked  with  Dowson  or  other  power  gas,  and  renders  ignition 
more  certain  and  regular,  independently  of  the  varying  quality  of  the  gas. 
The  volume  of  cold  air  drawn  in  also  helps  to  cool  the  cylinder  walls,  and 
a  higher  compression  pressure  can  be  attained.  In  a  test  carried  out  by 
Messrs.  Crossley  and  Atkinson  in  1894,  the  engine  with  their  system  of 
scavenging  developed  39*9  H.P.  on  the  brake,  46-45  I.H.P.,  and  showed 
a  consumption  of  14*5  cubic  feet  of  Openshaw  gas  per  I.H.F.,  and  16*48 
cubic  feet  per  B.H.P.  hour.  It  ran  at  173  revolutions  per  minute,  the 
mechanical  efficiency  was  86  per  cent.,  and  thermal  efficiency  per  B.H.P. 
24  per  cent.  The  heating  value  of  the  gas  was  taken  at  640  T.U.  per 
cubic  foot.    • 

The  Otto  engine  is  made  in  France  by  the  Society  Fran9aise  des 
Moteurs  k  Gaz  et  des  Constructions  M^caniques,  and  is  constructed 
horizontal  with  one  or  more  cylinders.  A  two-cylinder  engine,  giving 
300  H.P.,  or  150  H.P.  per  cylinder,  has  been  made  by  them  to  work  with 
blast-furnace  gases,  and  also  another  of  double  the  power,  with  four 
cylinders  of  equal  diameter,  and  two  cranks.  Their  latest  plant,  intended 
for  the  Soci6t6  des  Aci^ries  de  Longwy,  consists  of  three  sets  of  blowing 
engines  and  gas  engines,  driven  by  blast-furnace  gases,  and  developing 
1,200  H.P.  One  of  these,  which  is  already  at  work,  comprises  two 
twin-cylinder  double-acting  engines,  working  the  blowing  engines  direct 
through  a  prolongation  of  the  piston-rod.  The  cylinders,  cylinder 
bottoms,  stuffing-boxes,  and  exhaust  valves  are  all  cooled  with  water. 

Trials. — More  experiments  have  probably  been  made  on  the  Otto 
than  on  any  other  gas  engine.  Details  of  these  will  be  found  in  the 
Tables,  but  a  few  of  the  earlier  are  here  summarised.  •  The  earliest 
published  trials  were  carried  out  by  MM.  Brauer  and  Slaby,  in 
Qermany,  in  1878.    The  engines  indicated  3*2   H.P.  and  6  H.P. ;  the 


94 


GAS,   OIL,  AND  AIR  ENGINES. 


first  ran  at  180  revolutions,  the  second  at  159  revolutions  per  minute. 
Between  38  and  40  cubic  feet  of  gas  were  used  per  I.H.P.  per  hour. 
This  was  a  large  consumption  for  an  Otto  engine,  though  at  the  time 
the  economy,  as  compared  with  the  expenditure  in  other  motors,  was 
striking.  For  the  next  ten  years  the  consumption  of  gas  gradually 
diminished,  as  various  improvements  were  effected  in  the  engines,  and 
the  amount  used  varied  inversely  with  the  size  of  the  engine  tested. 
In  an  experiment*  by  Dr.  Slaby  in  1881  on  a  4  H.P.  engine,  making 
157  revolutions  per   minute,  the  gas  consumption  was  28-3  cubic  feet 
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Fig.  51. — Otto — Indicator  Diameter.     1881. 

per  I.H.P.  per  hour.  An  Indicator  diagram  of  this  trial  is  given  at 
Fig.  51.  A  14  I.H.P.  engine,  tested  by  Garrett,  consumed  19-4  cubic 
feet  of  Glasgow  gas  per  I.H.P.  per  hour  (diagram  Fig.  52).  An  early 
trial  was  made  by  Teichmann  &  Bocking  in  1887  on  an  Otto  engine 
of  50-8  B.H.P.,  using  Dowson  gas,  in  which  the  consumption  was  103 
cubic  feet  per  hour  per  B.H.P.  In  1881  a  series  of  trials  was 
carried  out  at  the  Crystal  Palace  by  Professor  Gryll  Adams  on  Otto 
engines  of  various  powers. 

In  1888  a  series  of  trials  of  motors  for  electric  lighting  was  made 
in  London,  under   the  auspices  of   the  Society  of  Arts,  and  a  9  H.P. 
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Fig.  62— Otto— Indicator  Diagram. 
1887. 


Fig.  53— Otto— Indicator  Dia- 
gram.     1888.     Soe.  Arts. 


Otto-Crossley,  an  8  H.P.  Griffin,  and  a  6  H.P.  Atkinson  engine 
were  tested  under  the  following  heads : — Regularity  of  speed  under 
varying  loads;  power  of  automatically  varying  tlie  speed;  noiselessness; 
cost  of  construction,  of  maintenance,  and  of  fuel.  All  three  engines 
worked   satisfactorily.     The   lowest   consumption   of  gas   was  obtained 

•  Full  details  of  this  experiment  will  be  found  in  the  Appendix  to  Professor 
Fleeming  Jenkin*s  Paper  on  "Gas  and  Caloric  Engines."  Lecture  delivered 
before  the  Institution  of  Civil  Engineers,  2lBt  Feb.,  1884. 
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with  the  Atkinson  engine,  hut  the  Griffin  ran  with  great  regularity, 
and  the  Otto  was  also  economical.  The  gas  used  in  all  the  trials 
(Gas  Ldght  &  Coke  Co.)  was  analysed,  and  its  mean  heating  value 
determined  at  629  B.T.XJ.  per  cuhic  foot.  The  quantity  of  jacket 
water  per  hour  was  noted,  as  also  its  temperature  on  entering  and 
leaving  the  jacket,  and  each  of  the  engines  was  tested  at  full  power, 
at  half  power,  and  running  empty.  Fig.  53  gives  a  diagram  of  the 
Otto  engine  taken  during  the  trial. 

In  a  trial  made  in  1895  by  Professor  Kohler,  the  consumption  in 
a  30  B.H.P.  Deutz-Otto  engine,  running  at  200  revolutions  per  minute, 
was  16 -9  cubic  feet  per  B.H.P.  per  hour  of  gas,  having  a  heating 
value  of  560  B.T.TJ.  per  cubic  foot.  Details  of  most  of  the  modem 
trials  will  be  found  in  the  Appendix. 

A  description  of  the  Lanchester  self-starter  is  given  at  p.  90  of 
the  Third  Edition.  It  is  now  no  longer  used,  except  to  start  certain 
sizes  of  the  Robey  engine  (see  p.  119). 
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CHAPTER  VII. 
MODERN  BRITISH  GAS  ENGINES. 

Contents. — Modern  Gas  Engine  Development — Compression — Ooverning — ^Taiigye 
— Stockport — Acm4— Fielding  and  Piatt — Premier  ^Campbell — Weetinghoase 
— Forward — ^Midland — Trusty — Robey — National — Griffin — Clarke-Chapman — 
Gardner — Roots — Dadbridge  —  Newton  —  Birmingham  —  Globe — Ideal — Small 
Engines — Vogt. 

Two  circumstances  have  chiefly  contributed  to  the  great  development  of 
gas  engines  within  the  last  few  years  in  England.  The  first  is  the  ex- 
tensive and  increasing  application  of  electricity  to  lighting,  and  the 
demand  which  has  arisen  for  gas  engines  to  drive  dynamos  in  country 
mansions,  &c.,  as  being  more  suitable  and  economical  than  steam.  No 
cost  is  incurred  with  gas  engines  when  not  running,  and  as  it  is  seldom 
necessary  to  furnish  power  for  electric  light  for  more  than  a  few  hours 
at  a  time,  a  gas  motor,  easily  started  and  stopped,  is  preferable  to  a  steam 
engine  and  boiler.  The  economy  of  gas  engines  for  electric  installations 
is  also  marked,  even  where  town  gas  is  used.  Sir  W.  Siemens  was  the 
first  to  draw  attention  to  the  fact  that  coal  gas  gives  more  light  when 
furnishing  power  electrically  through  a  gas  engine  and  dynamo,  than 
when  the  same  quantity  of  gas  is  burnt  in  the  ordinary  way.  At 
Dessau  in  Germany  an  electric  light  installation  has  been  driven  by 
engines  worked  with  town  gas  since  1886.  Where  gas  generators  are 
used  supplying  Dowson  or  other  power  gas  to  the  engines,  the  economy 
is  much  greater,  the  fuel  costing  less  than  half  that  required  in  a  steam 
engine  and  boiler,  to  give  the  same  power.  All  the  larger  firms,  both  in 
England  and  on  the  Continent,  make  gas  engines  for  electric  lighting, 
and  installations  of  this  kind,  worked  with  Dowson,  Mond,  or  other 
producer  gas,  are  now  too  numerous  to  specify.*  These  engines  run 
at  a  higher  speed  than  ordinary  motors,  and  the  governing  is  more 
delicately  adjusted,  to  vary  the  quality  and  quantity  of  gas  admitted. 

The  expiration  of  the  Otto  patent  also  gave  an  additional  impetus 
to  the  manufacture  of  gas  engines.  Hitherto  the  four-cycle  has  been 
found  the  simplest  type,  working  practically  with  as  much  economy  as 
others  of  more  elaborate  construction.  Some  authorities  are  almost 
inclined  to  regret  its  universal  adoption,  as  tending  to  check  the  in- 
vention of  new  types.  Progress  has  consisted  rather  in  perfecting  the 
mechanical  details  of  existing  engines,  than  in  the  production  of  novelties. 

*  More  than  500  Electrical  Works  in  Germany  are  now  worked  with  gas  engines 
driven  by  producer  gas. 
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Since  the  beginning  of  this  century,  however,  double-acting  engines,  more 
or  less  on  the  Clerk  system,  with  motor  cylinder  and  pump,  have  come 
much  to  the  front.  The  development  of  gas  engines  in  England  is  shown 
by  the  fact  that  the  output  is  estimated  by  Mr.  Clerk  at  about  100,000 
motors,  with  an  average  of  20  H.P.* 

Special  features  in  the  latest  development  of  internal  combustion 
engines  are  their  great  increase  in  size,  increased  compression,  and 
improvements  in  construction.  It  has  been  more  fully  realised  that 
the  future  of  large  gas  engines  lies  chiefly  in  adapting  them  to  work 
with  gases  of  poor  quality,  such  as  Dowson,  Mond,  or  blast-furnace 
gases,  and  this  has  necessitated  a  much  larger  type  of  engine.  Distinct 
progress  has  been  made  in  double-acting  and  two-cycle  engines.  Of  the 
latter  the  most  notable  examples  are  the  Koerting  and  the  Oechelhaueser. 
The  Deutz  firm  in  Germany,  the  Cockerill  in  Belgium,  and  the  Letombe 
in  France  have  introduced  a  double-acting  type,  but  it  has  not  hitherto 
found  much  favour  in  England.  Double-acting  engines  give  larger 
power  for  the  same  size  of  cylinder,  greater  uniformity  in  running,  and 
a  better  mechanical  efficiency,  but  the  working  parts  must  be  carefully 
cooled.  Two-cycle  engines  necessitate  the  complication  of  pumps,  and 
for  this  reason  they  have  practically  been  given  up  for  small  powers,  but 
for  large  engines,  in  which  a  second  cylinder  is  almost  indispensable, 
they  have  proved  very  successful.  An  eminent  Grerman  authority, 
Herr  Koerting,  distinguishes  four  types  of  gas  engines,  viz. : — 

1.  Four-cycle,  single  cylinder,  single-acting.     (Example,  Cockerill.) 

2.  Four-cycle,  single-acting,  multi-cylinder.     (Example,  Deutz-Otto.) 

3.  Two-cycle,  single-acting,' single  cylinder.    (Example,  Oechelhaueser.) 

4.  Two-cycle,  double-acting,  single  cylinder.     (Example,  Koerting.) 
Another  point  to  be  noted  in  large  power  engines  is  the  arrangement 

of  the  cylinders,  and  the  power  allotted  to  each.  The  Deutz  firm  con- 
sider that  not  more  than  250  to  300  H.P.  should  be  assigned  to  each 
cylinder,  and  with  this  view  most  English  firms  agree.  Greater  regu- 
larity in  running,  and  more  reserve  of  power  is  said  to  be  obtained  by 
this  multiplication  of  cylinders.  The  Cockerill  firm,  on  the  other  hand, 
develop  up  to  600  and  700  H.P.  in  one  cylinder,  and  a  few  foreign  firms 
follow  them.  A  750  H.P.  Nuremberg  engine  is  probably  one  of  the 
largest  single  cylinder  motors  now  at  work.  The  introduction  of  the 
two-cycle  type,  especially  when  double-acting,  will  probably  materially 
affect  this  question. 

In  the  arrangement  of  the  cylinders  three  systems,  known  as  the 
side-by-side  (or  twin),  the  end-to-end,  and  the  tandem,  have  been  adopted. 

*See  Mr.  Dugald  Clerk's  valuable  paper  on  *' Internal  Combustion  Motors," 
*' James  Forrest"  lecture,  Institution  of  Civil  Engineers,  1903-1904,  and  Mr.  H.  A. 
Humphrey's  pamphlet,  Becent  Progreas  in  Large  Oas  Etigines. 
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In  the  first  the  pistons  of  the  two  cylinders  work  oh  to  two  cranks  at 
the  same  angle,  the  flywheel  being  generally  between  them.     The  four- 
cycle is  carried  out  successively  in  each  cylinder,  the  admission  stroke 
taking  place  in  one,  the  expansion  stroke  simultaneously  in  the  other, 
and  an  explosion  is  obtained  at  every  revolution.     This  arrangement  is 
now  perhaps  the  most  usual.     In  the  end-to-end  type  the  cylinders  are 
opposite  each  other,  and  both  pistons  work  on  to  the  same  crank,  at  an 
angle  of  180°.     The  admission  stroke  in  one  corresponds  with  the  com- 
pression stroke  in  the  other,  and  there  are  two  explosions  during  one 
revolution,  and  two  negative  strokes  during  the  next.     In  the  tandem 
system,  which   is  much  used  both  in   England  and  abroad,  the   two 
cylinders  are  placed  one  behind,  and  in  line  with  the  other,  and  both 
pistons  work  on  to  the  same  crank.     An  explosion  per  revolution  is 
obtained  alternately  in  one  or  the  other  cylinder,  and  the  admission 
stroke  in  one  corresponds  with  the  expansion  stroke  in  the  other.     This 
arrangement  necessitates  a  stuffing-box  between  the  two  cylinders,  and 
the  valves  are  not  easily  accessiblci'^ 

The  advantages  of  compression  have  also  been  more  fully  realised, 
and  pressures  have  notably  increased.  Compi-ession  pressures  of  1 20  lbs. 
per  square  inch  are  now  usual  in  Crossley  engines ;  in  the  Koerting  they 
are  carried  to  160  and  180  lbs.,  and  in  other  foreign  engines  even  higher. 
If  to  increase  compression  the  clearance  space  be  reduced  within  very 
small  limits,  the  quantity  of  inert  gases  remaining  in  the  cylinder  at 
exhaust  will  also  be  diminished.  With  this  question,  that  of  the 
ignition  of  the  charge  is  closely  connected.  Beyond  a  certain  limit 
increased  compression  may,  if  the  engine  be  driven  with  lighting  gas, 
produce  premature  ignition.  To  avoid  this  difficulty  two  methods 
have  been  employed,  the  introduction  of  a  "scavenger"  blast  of  air 
("  Spiilluft "),  as  in  the  Premier,  and  to  a  certain  extent  in  the  National, 
the  Koerting,  and  the  Oechelhaueser ;  and  the  injection  of  water,  adopted 
in  the  Bdnki.  With  poor  gases  this  danger  is  minimised,  but  in  all 
large  engines  ignition  by  hot  tube,  especially  abroad,  has  practically 
been  abandoned  in  favour  of  electricity,  which  may  be  relied  on  to 
ignite  the  charge,  without  danger  of  miss-fires.  Ignition  tubes  cannot 
be  used  in  engines  driven  with  blast-furnace  gases,  because  the  dust  in 
them  acts  injuriously  on  the  material  of  the  tubes. 

Among  recent  improvements  one  of  the  most  notable  has  been  the 
greater  attention  bestowed  on  governing  the  engine.  The  admission  of 
the  charge  is  regulated  with  almost  the  same  precision  as  in  a  steam 

*  See  on  thcae  aubjects  two  excellent  German  pamphlets,  Professor  Meyer, 
"Grosse  Gasmotoren,"  J^citec^r(/)J  des  Vereinea  deutscher  Ing^iieure,  vol.  xliii.,  and 
Herr  Karl  Reinhardt,  "  Verschiedene  Constnictionen  von  Grossgasmotoren,"  StM 
und  Eiatn,  1902,  Nos.  21  and  24. 
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engine,  with  which  the  best  gas  motors  can  now  fairly  compete  in  regu- 
larity of  running.  Governing  on  the  "  hit-and-miss  "  principle  was 
formerly  the  rule  in  engines  driven  with  lighting  gas,  that  no  gas  might 
be  wasted.  Now  that  cheaper  gases  are  utilised,  economy  of  consumption 
is  not  so  necessary  as  steadiness  in  running.  The  quantity  of  air  ad- 
mitted being  less,  and  of  gas  much  more,  it  is  comparatively  easy  to 
reduce  the  richness  of  the  charge  without  cutting  out  ignitions.  In  one 
respect  gas  engines  may  even  be  more  easily  governed  than  steam  engines, 
because  each  cylinder  being  a  motor  cylinder,  the  governor  can  act  directly 
upon  it.  As  a  rule,  a  throttle  valve  of  some  kind  is  used,  through  which 
the  governor  regulates  the  amount  of  the  charge  admitted  to  the  cylinder, 
and  hence  the  compression,  and  the  power  developed.  Sometimes  the 
quality,  but  not  the  quantity,  of  the  charge  is  varied,  the  degree  of  com- 
pression remaining  constant.  With  this  method  variations  in  the  load  do 
not  affect  the  quiet  running  of  the  engine.  German  authorities,  who  are 
strongly  in  favour  of  electric  ignition,  claim  to  run  even  small  engines 
economically  with  it,  because  if  the  governor  reduces  the  quantity  of  gas 
and  air  admitted,  but  not  their  proportional  volumes,  the  charge  will 
always  ignite.  Practically,  therefore,  the  consumption  of  gas  for  the 
power  developed  will  be  no  more  than  when  the  governor  wholly  cuts  off 
the  supply. 

The  cooling  of  the  working  parts  is  another  point  of  much  importance. 
The  great  heat  developed,  especially  in  double-acting  engines,  makes  it 
necessary  to  cool,  not  only  the  cylinder,  but  the  piston,  piston-rod,  and 
valves.  The  quantity  of  cooling  water  and  method  of  applying  it  are  now 
carefully  regulated,  and  the  temperatures  in  the  cylinder  thus  controlled. 
As  the  ratio  of  wall  surface  to  cylinder  volume  does  not  increase  in  the 
aame  proportion  as  the  size  of  the  cylinder,  the  cooling  water  jacket  can- 
not exert  the  same  effect  on  the  charge  in  large  as  in  small  engines.  The 
expansion  of  the  inner  cylinder  walls  exposed  to  the  maximum  heat  of 
explosion  is  greater  than  that  of  the  outer  walls  in  contact  with  the 
jacket  water  only,  while  that  of  the  piston  is  greater  than  either,  and 
more  care  is  required  in  cooling  it.  In  engines  above  150  H.P.  the 
piston-rod  and  the  spindle  of  the  exhaust  valve  are  generally  made 
hollow,  and  the  piston  separately  water-cooled.  Large  engines  have 
sometimes  two  exhaust  valves,  one  opening  before  the  other,  or  balanced 
valves,  to  divide  the  power  necessary  to  lift  them. 

Lubrication  is  also  an  important  matter,  and  is  generally  supplied  to 
some  parts  of  the  engine  under  pressure  from  a  pump.  Crank-pin  lubri- 
cation is  also  the  rule  for  large  power  engines.  The  difficulty  of  starting 
has  now  been  practically  overcome,  and  the  various  types  of  self-starters, 
as  the  Lanchester  and  Edmondson,  are  seldom  used.  Starting  by  com- 
pressed air,  except  in  the  Cockerill  engines,  is  universal,  and  the  process 
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is  simplified  where  there  are  several  cylinders.  Compressed  air  from  a 
reservoir,  supplied  either  by  an  auxiliary  motor  or  by  the  engine  itself, 
is  admitted  into  one  or  more  cylinders,  and  as  soon  as  an  impulse  is 
obtained,  a  charge  of  gas  and  air  is  sent  into  another  cylinder,  and  the 
engine  starts. 

Another  noteworthy  feature  is  the  increased  tendency  to  base  the 
work  of  an  engine  on  its  heat  efficiency — that  is,  the  number  of  heat  units 
it  is  capable  of  turning  into  useful  work'.  Most  of  the  important  gas 
engine  makers  now  state  the  consumption  of  their  engines  in  heat  units 
per  H.F.,  independently  of  the  combustible  used. 

Mention  must  lastly  be  made  of  the  great  development  in  gas  pro- 
ducers, and  the  introduction  of  suction  producers,  a  description  of  which 
will  be  found  at  p.  202.  The  problem  of  utilising  bituminous  coal  in  both 
types  of  producers  is  also  now  carefully  studied  both  in  England  and 
abroad,  and  several  successful  attempts  have  been  made  to  deal  with  it. 

Tangle. — This  important  firm  have  ceased  to  construct  the  engine 
described  at  p.  58  (Bobson's  patent),  and  since  1891  have  made  engines 
only  on  the  Otto  four-cycle  principle,  with  Pinkney's  improvements. 
Next  to  Messrs.  Crossley  they  at  present  build  some  of  the  largest  motors 
in  England.  Their  singlen^ylinder  horizontal  engines  range  from  2^  to 
340  B.H.P.  with  lighting  gas,  and  the  maximum  piston  speed  in  them  is 
750  feet  per  minute.  The  smaller  sizes  have  no  timing  valve,  punctual 
ignition  being  obtained  by  adjusting  the  chimney  of  the  tube.  In  the 
larger  horizontal  engines  porcelain  tube  igniters  are  used.  The  combus- 
tion chamber  is  carefully  constructed  to  prevent  shock,  and  render  the 
engine  suitable  for  driving  a  dynamo  direct,  and  also  to  ensure  steady  and 
complete  combustion  of  the  charge  during  the  whole  of  the  motor  stroke. 
The  cylinder  casing,  combustion  chamber,  and  exhaust  valve-box  are  all 
made  in  one  casting. 

Messrs.  Tangye  have  lately  introduced  a  new  vertical  type,  especially 
adapted  for  driving  dynamos,  with  two  or  three  cylinders,  developing 
from  32  to  340  B.fi.P.  with  town  gas,  and  27  to  320  B.H.P.  with  pro- 
ducer gas.  The  speed  is  about  250  revolutions  per  minute.  The  charge 
is  fired  by  a  small  magneto-electric  machine.  As  there  is  an  explosion  in 
each  cylinder  every  second  revolution  the  crank  receives  a  motor  impulse 
at  each  two-thirds  of  a  revolution,  and  increased  steadiness  in  running 
is  thus  obtained.  Compression  in  the  Tangye  engine  is  kept  within 
moderate  limits ;  in  a  trial  by  Professor  Witz  of  a  26  B.H.P.  engine, 
details  of  which  will  be  found  in  the  Tables,  the  mean  pressure  at 
ordinary  load  was  about  84  lbs.,  and  at  maximum  load  97  lbs.  per  square 
inch.  The  smaller  engines  are  started  by  hand,  in  tlie  larger  a  low- 
pressure  starter  is  used,  and  a  charge  of  gas  and  air  sent  by  a  small  hand 
pump  into  the  cylinder.     For  powers  above  80  H.P.  the  engines  are 
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started  by  compresaed  air  from  a  reservoir  charged  either  by  a  s 
starting  engine,  or  the  main  engine.     Governing  ia  on  the  "  hit«nd-ii 
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principle  in  the  horizontal  engines,  a  sensitive  centrifugal  governor  being 
used.  By  an  ingenious  arrangement  the  next  impulse  after  a  misled 
explosion  is  stronger  than  usual.  When  the  governor  cuts  out  the  supply 
of  gas,  the  air,  which  alone  enters  the  cylinder,  drives  out  the  products  u£ 
combustion.  The  governor  then  moves  up  a  small  wedge,  opening  the 
gas  valve  more  than  before,  and  a  specially  rich  charge  is  obtained.  In 
the  vertical  type  the  governor  on  the  flywheel  acts  by  throttling  tlie 
admission  valve,  and  varies  the  quantity  of  the  charge  admitted,  the  pro- 
portions of  gas  and  air  remaining  the  same.  Both  the  compression 
pressure  and  the  strength  of  the  impulse  are  thus  reduced  according  to 
the  load.     The  lubricating  oil  is  contained  in  a  receiver  in  the  base,  into 


Fig.  55. — Tangye  Three -cylinder  Vertical  Engine. 

which  the  end  of  the  connecting-rod  dips,  and  throws  the  oil  over  the 
working  parte.    . 

A  large  Tangye  gas  plant  was  erected  in  [1903  for  the  Byde  Electrical 
Works.  There  are  two  sets  of  three-cylinder  vertical  engines  driven  by 
producer  gas  from  a  Tangye  generator ;  the  consumption  is  about  1'9  lbs. 
anthracite  per  unit  of  electricity.  The  engine.s  have  two  horizontal  cam 
shafts  driven  fi'Om  one  vertical  side  sliaft ;  the  lower  carries  cams  for 
opening  the  three  exhaust  valves.  The  upper  shaft  has  two  cams  for  each 
cylinder,  one  for  breaking  contact  and  producing  the  electric  spark,  the 
other  works  the  adm 
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Messrs.  Tangye  make  gas  producers  as  described  at  p.  210,  and  have 
lately  brought  out  a  suction  gas  producer  (see  p.  211).  The  consump- 
tion in  their  larger  engines  per  B.H.P.  hour  is  about  14|^  cubic  feet  of 
lighting  gas  of  700  B.T.U.  per  cubic  foot.  Fig.  54  shows  a  horizontal 
engine  developing  186  H.P.,  with  water-cooled  piston  and  exhaust  valve  ; 
Fig.  55  the  new  vertical  three-cylinder  type.  They  have  supplied  500 
H.P.  to  work  with  Mond  gas.  They  were  also  the  first  to  bring  out  a  gas 
hammer  for  forging  purposes.  A  description  of  this  useful  little  instru- 
ment will  be  found  in  the  3rd  edition,  p.  94. 

The  Fawoett  engine,  brought  out  by  Fawcett,  Preston  &  Co.,  Liver- 
pool, from  the  designs  of  Mr.  Beechey,  is  no  longer  made.  A  trial  was 
carried  out  by  Mr.  Miller  in  February,  1890. 

Stockport. — As  soon  as  the  Otto  patent  expired,  the  Stockport  firm, 
among  others,  adopted  the  Otto  cycle  for  all  classes  of  their  engines,  with 
various  improvements  in  detail.  In  their  latest  motors  all  valves  are 
of  the  mushroom  type,  and  are  worked  by  levers  from  cams  on  the 
auxiliary  shaft,  geared  2  to  1  to  the  crank  shaft;  the  valve  seats  are 
cooled  by  water.  Compressions  up  to  85  lbs.  per  square  inch  for  coal  gas, 
and  100  lbs.  for  power  gas,  are  now  used,  and  the  combustion  space  or 
cylinder  end  is  cast  in  one  piece  with  the  exhaust  valve  box.  The  gas 
valve  is  controlled  by  the  ball  governor,  and  the  admission  is  cut  off  if  the 
normal  speed  is  exceeded.  All  engines  are  governed  on  the  "hit-and- 
miss"  principle.  In  larger  motors,  and  in  those  intended  for  driving 
dynamos,  the  governor  actuates  a  small  bell  crank  lever  below  the  gas 
valve  spindle,  and  shifts  it  to  one  side,  if  the  speed  is  too  great ;  no  gas 
then  enters  the  cylinder  during  the  cycle.  In  the  smaller  engines  a  very 
simple  governor  is  used,  consisting  of  a  weight  on  a  spring,  moved  by  a 
vibrating  lever.  For  the  low-pressure  starting  gear  the  advantage  is 
claimed  that  the  engine  itself  performs  the  whole  operation,  as  soon  as  the 
gas  is  turned  on.  The  crank  is  first  placed  in  position  with  the  ignition 
tube  open  to  the  cylinder,  and  all  other  valves  closed.  The  Bunsen  burner 
is  lit,  and  as  soon  as  the  ignition  tube  is  red  hot,  gas  is  admitted  through 
a  small  auxiliary  valve,  thrown  out  of  gear  by  the  first  explosion.  The 
gas  drives  out  the  air  in  the  cylinder  through  the  ignition  tube,  and  when 
it  is  all  expelled,  and  the  gas  begins  to  follow  it,  the  heat  of  the  tube  fires 
the  gas,  the  flame  strikes  back  into  the  cylinder,  an  explosion  occurs,  and 
the  engine  begins  to  work.  Larger  engines  are  started  by  means  of  com- 
pressed air.  The  oil  to  lubricate  the  cylinder  is  contained  in  a  tank  above 
the  crank,  from  whence  it  flows  by  gravity  to  the  lubricating  pipes.  Con- 
tinuous lubrication  by  the  crank  pin,  as  in  the  Tangye  engine,  is  also  used. 

Ignition  is  by  a  metal  tube  with  a  timing  valve.  Large  engines  are 
fitted  with  a  double  ignition  tube  so  that,  if  one  gives  way,  the  second 
may  be  put  into  action  at  once,  without  stopping  the  engine.     The  latest 
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types,  especially  engines  driven  with  poor  gas,  are  fitted  with  magneto- 
electric  ignition.  The  spark  ia  produced  Vy  a  small  machine  worked  from 
the  valve  ahaft,  a  cam  from  which  releases  the  m^neto  lever,  breaks  the 
contact  between  two  spindles,  and  causes  a  spark.  A  modification  of  the 
scavenging  principle  ia  also  employed,  and  although  the  exhaust  pipe  ia 
not  exceptionally  long,  the  valves  are  so  arranged  that  air  alone  enters 


first,  just  before  the  charge  is  admitted,  thus  reducing  the  consumption  of 
gas.  The  lat«Bt  engines  are  made  horizontal,  single  cylinder,  single-acting, 
in  sizes  from  IJ  to  150  B.H.P.  (see  Fig.  56),  and  ran  at  240  to  150  revolu- 
tions per  minute,  and  at  a  maximum  piston  speed  of  750  feet  per  minute. 
Above  this  size  two  cylinders  are  used,  either  tandem  or  side  by  side,  up 
to  300  B.H.P.     Messrs.  Andrew  also  make  portable  engines  from  4  to  15 


THE  ACM6  gas  engine.  I05 

B.H.P.,  and  a  small  vertical  type  in  two  sizes,  J  and  5  B.H.P.,  running 
at  220  and  200  revolutions.  The  larger  engines  are  driven  with  Dowson, 
Mond,  or  coke  oven  gas.  They  have  supplied  engines  of  1,400  H.P.  for 
electric  generators,  and  nearly  1,000  H.P.  to  work  with  Mond  gas.  Some 
of  their  motors  have  been  working  continuously  for  months  with  coke 
oven  gas. 

In  a  65  I. H.P.  motor  driving  a  com  mill  near  Tonbridge,  the  results  of 
a  test  made  with  Dowson  gas  gave  0*93  lb.  of  fuel  consumption  per  I.  H.P. 
hour,  or  I '16  lbs.  per  B.H.P.  hour.     A  test  was  carried  out  in  1898  on  an 
engine  driven  with  Dowson  gas  at  Portadown,  in  which  the  indicated  H.P. 
was  52,  and  the  mean  consumption  of  best  Welsh  anthracite  0*78  lb.  per 
I.H.P.  hour,  the  speed  being  134  revolutions  per  minute.     In  a  47  B.H.P. 
engine  tested  at  Belfast  the  consumption  was  16*83  cubic  feet  of  lighting 
gas  per  B.H.P.  hour.     Another  trial  was  carried  out  in  1898  at  Dartford 
under  ordinary  working  conditions  on  two  Stockport  engines  of  85*5 
B.H.P.,  fed  with  producer  gas  from  a  Paisley  generator,  in  which  the 
consumption  of  anthracite  was  0*88  lb.  per  B.H.P.  hour.     A  careful  trial 
was  made  in  June,  1901,  by  M.  Mathot  on  a  63  B.H.P.  single  cylinder 
Stockport  engine  driven  with  Dowson  gas.     The  consumption  of  Belgian 
anthracite  was  1  lb.  per  B.H.P.  hour,  including  the  boiler,  and  the  thermal 
efficiency  18*8  per  cent.     Another  important  series  of  trials  was  made  in 
April,  1904,  on  two  single-cylinder  engines  driven  with  Wilson  gas,  and 
developing  a  total  of  217  B.H.P.     The  consumption  of  bituminous  slack 
was  1*4  lbs.  per  B.H.P.  hour.     Details  of  both  trials  will  be  found  in  the 
Tables.     All  the  power  required  for  Messrs.  Andrews'  Works  at  Stock- 
port is  supplied  by  their  own  gas  engines,  which  drive  all  the  shafting 
(see  on  this  subject  Mr.  Bellamy's  paper,  "  Gas  Engines  as  Motive  Power 
in  Engineering  Works  ").     During  nearly  a  quarter  of  a  century  the  firm 
made  about  8,000  motors,  2,000  of  these  being  of  the  original  type,  and 
3,000  Bisschop  engines. 

Aom6. — The  first  Acme  engine,  patented  by  Messrs.  M*Ghee,  Burt  & 
Co.,  showed  a  novel  attempt  to  solve  the  problem  of  how  to  increase  ex- 
pansion of  the  explosive  gases  in  proportion  to  admission  and  compression. 
In  this  engine  there  were  two  horizontal  cylinders,  two  pistons,  and  two 
crank  shafts  connected  by  spur  wheels  in  the  proportion  of  2  to  1.  The 
cylinders  were  alongside  each  other,  one  being  shorter  and  smaller  than 
the  other.  While  the  piston  of  the  larger  cylinder  made  one  stroke,  the 
piston  of  the  smaller  made  two,  one  crank  and  one  shaft  ran  therefore  at 
half  as  many  revolutions  as  the  other.  The  cylinder  volumes  and  lengths 
of  stroke  also  differed,  and  the  cranks  being  at  different  angles  the  pistons 
did  not  work  together.  When  the  first  or  larger  piston  had  completed 
the  in  or  out  stroke,  the  smaller  second  piston  was  about  45"  behind. 
The  cycle  of  operations  was  divided  between  the  two  cylinders.     Hot- 
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tube  ignition  without  a  timing  valve,  and  discharge  of  the  gases  of  cM>in- 
bustion  both  took  place  in  the  smaller  cylinder,  the  piston  of  which 
uncovered  these  openings  near  the  beginning  and  end  of  its  out  stroke. 
The  firing  of  the  charge  and  the  exhaust  were  timed  to  occur  when  the 
first  piston  was  at  positions  corresponding  to  the  inner  and  outer  dead 
points. 

Several  sizes  of  this  engine  were  tested,  both  with  full  load  and 
running  light,  by  Professor  Rowden,  of  Glasgow.  In  1888  and  1889  he 
experimented  upon  2  H.P.  engines,  running  at  170  revolutions  per 
minute.  A  trial  at  full  power  gave  3-14  B.H.P.,  and  a  corresponding 
consumption  of  18*1  cubic  feet  of  gas  per  hour. 

A  four-cycle  type  of  this  engine  has  been  brought  out,  and  is  now 
made  by  the  Acm^  Engine  Co.,  of  Glasgow,  in  which  the  usual  functions 
of  admission,  compression,  ignition  and  expansion,  and  exhaust,  are  carried 
out  in  one  horizontal  cylinder.  Gas  and  air  are  admitted  through  mush- 
room  valves  to  the  water-jacketed  combustion  chamber  at  the  back  of  the 
cylinder.  Both  admission  and  exhaust  valves  are  worked  by  cams  from 
a  side  shaft  geared  in  the  usual  way,  and  cooled  with  water.  The 
governor  acts  on  the  "hit-and-miss"  principle  upon  the  gas  valve,  and 
regulates  the  consumption.  Ignition  is  by  hot  tube  heated  by  a  Bunsen 
burner,  and  controlled  by  a  timing  valve.  The  engine  is  made  horizontal, 
single  cylinder,  in  sizes  from  1|  to  100  B.H.P.  The  consumption  in  a 
40  H.P.  engine  recently  tested  was  12*7  cubic  feet  per  B.H.P.  hour  of 
Glasgow  gas  of  670  B.T.U.  heating  value.  A  new  vertical  compound 
engine,  having  three  pistons  in  one  cylinder,  two  of  which  are  motor, 
while  the  third  is  driven  by  the  pressure  of  the  exhaust  gases,  is  described 
in  the  Electrical  Times,  September  10,  1903,  but  does  not  appear  to  be  yet 
working. 

Fielding. — This  engine,  made  by  Messrs.  Fielding  &  Piatt,  of 
Gloucester,  is  constructed  on  the  principle  of  the  Otto,  and  has  the 
same  four  cycle,  but  the  slide  valve  is  replaced  by  simple  mitre  valves. 
Ignition  is  by  a  tube  maintained  at  red  heat  by  a  Bunsen  burner,  but 
there  is  no  timing  valve  to  the  smaller  engines,  though  for  larger  sizes  it 
has  been  found  necessary.  A  timing  valve  is  constructed  to  open  the 
port  leading  to  the  hot  ignition  tube,  at  the  exact  moment  when  an 
explosion  is  required.  Punctual  ignition  is  a  necessary  feature  of  nearly 
all  gas  engine  cycles.  Some  inventors,  however,  have  succeeded  in 
dispensing  with  the  timing  valve,  and  they  maintain  that,  by  varying 
the  length  of  the  ignition  tube,  and  the  distance  from  the  red-hot  metal 
to  the  motor  cylinder,  accurate  ignition  can  be  obtained.  The  gases  do 
not  reach  this  heated  part  of  the  tube  until  the  end  of  the  in  stroke, 
when  compression  is  greatest.  Ignition  at  the  dead  point  has  been  one 
of  the  main  features  of  the  gas  engine  theory  since  the  time  of  Beau  de 
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Bochas,  and  it  may  be  doubted  whether  it  is  really  so  easily  obtained  as 
these  inventors  assert.  The  practice  of  dispensing  with  the  timing  valve 
is,  however,  sanctioned  by  no  le&s  an  authority  than  Mr.  Atkinson.  It 
Is  more  usual  in  oil  than  in  gas  engines. 

In  the  latest  large  power  Fielding  &  Piatt  engines  the  charge  is 
fired  by  electricity.  The  organs  of  distribution  and  exhaust  are  driven, 
as  in  the  Otto,  from  a  side  shaft  worked  by  worm  gear  from  the  main 
shaft.  The  valves  are  opened  by  cams.  Another  cam  actuates  the 
governor,  which  is  of  the  rotary  ball  type,  and  regulates  the  amount  of 
the  charge  admitted  in  accordance  with  the  speed.  Large  power  engines 
are  provided  with  a  self-starter  connected  to  the  engine,  into  which  air 
is  compressed  at  a  pressure  of  60  lbs.  per  square  inch.  The  ordinary 
ignition  is  then  sufficient  to  procure  a  motor  impulse,  and  this  method 
is  said  to  be  powerful  enough  to  start  an  engine  with  partial  load  on.  A 
well  designed  horizontal  type,  indicating  100  H.P.,  has  been  brought 
out  There  is  one  *' mitre-seated "  valve  for  admitting  the  charge  and 
expelling  the  burnt  products.  A  piston  valve  driven  by  an  eccentric  on 
the  crank  shaft  opens  communication  between  the  inlet  and  exhaust 
cylinder  ports  and  this  valve,  the  rod  of  which  is  worked  by  a  cam. 
Ignition  is  by  hot  tube,  and  there  is  a  timing  valve  in  this  engine, 
acted  on  by  the  same  eccentric  as  the  piston  valve.  Both  tube  and 
timing  valve  are  made  in  duplicate,  an  arrangement  found  in  other  large 
English  engines.  The  timing  cam  can  be  adjusted  by  hand,  and  thus 
the  moment  of  firing  altered  at  will,  while  the  engine  is  running.  All 
these  organs  are  contained  in  a  valve  chest  at  the  side  of  the  motor 
cylinder.  The  rotary  ball  governor,  worked  from  the  crank  gear  wheel, 
controls  both  the  air  and  admission  valves.  The  quality  of  the  charge  is 
varied  in  proportion  to  the  speed,  but  there  are  no  "cutrouts"  or  miss 
fires.  Another  method  is  to  reduce  the  supply  of  air  and  gas  simultane- 
ously. Less  of  the  charge  enters  the  cylinder,  compression  is  reduced, 
and  the  following  explosion  is  weaker. 

The  latest  type  is  a  four-cylinder  vertical  engine  giving  two  impulses 
per  revolution,  and  developing  150  H.P.  with  producer  gas,  at  a  speed 
of  250  revolutions  per  minute.  The  mitre  valves  in  this  engine  are 
driven  from  a  horizontal  cam  shaft,  the  electric  ignition  is  obtained  from 
a  smaller  shaft  driven  from  the  vertical  governor  shaft,  which  times  the 
moment  when  the  spark  is  produced.  The  governor  acts  upon  two  small 
pistons,  which  throttle  respectively  the  gas  and  air  inlets,  more  or  less, 
according  to  the  load ;  the  maximum  variation  of  speed  is  said  to  be  only 
3  per  cent.  The  speed  and  the  time  of  ignition  can  be  varied  by  a  small 
thumb  screw  while  the  engine  is  running.  It  is  started  by  compressed  air 
introduced  into  one  cylinder  only,  and  the  others  receive  their  impulse 
from  it.     Fig.  57  gives  a  sectional  elevation  of  the  engine,  showing  the 
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oil  bath  in  the  base,  into  which  the  crank  pin  dips.  The  admission  valve 
is  seen  at  A  and  the  exhaust  valve  at  B,  C  is  the  starting  valve  for  one 
<;ylinder  out  of  the  four,  I  the  inlet  to  admit  the  air  under  pressure. 


-- J - 


Fig  57.— ISO-H.P.  Four-cy Under  Fielding  &  Piatt  Engine— S  actional  Elevation. 
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and  J  the  rod  working  it.  D  is  the  electric  ignition.  Gas  and  air 
are  admitted  on  the  opposite  side  to  the  exhaust.  The  engine  is  made 
in  sizes  from  150  to  780  B.H.P. 

Several  large  sizes  of  the  Fielding  and  Piatt  engine  were  exhibited  at 
the  Boyal  Agricultural  Society's  Show  at  Doncaster  in  1891,  when  it  was 
brought  to  public  notice  for  the  first  time.  The  makers  claim  a  gas 
consumption  of  15  to  20  cubic  feet  per  H.P.-hour,  according  to  the  size  of 
the  engine  and  quality  of  gas  used.  The  horizontal  single-cylinder  type 
is  made  from  If  to  125  B.H.P.,  and  runs  at  350  to  185  revolutions  per 
minute.  It  is  on  a  Fielding  and  Piatt  engine  that  experiments  have 
been  made  by  the  Gas  Engine  Research  Committee  of.  the  Institution  of 
Mechanical  Engineers,  London.     See  Appendix  A,  Table  2,  for  details. 

Premier.  —  Next  to    Messrs.   Crossley,   the  Premier    Gas    Engine 
Company,  of  Sandiacre,  near  Nottingham,  now  make  engines  for  larger 
powers  than  any  other  English  firm,  and  their  motors  have  been  exten- 
sively adopted  for  use  with  producer,  Mond,  and  blast-furnace  gases. 
They  were  among  the  first  to  introduce  the  method  of  cooling  the  piston 
and  valves,  and  by  this  means,  and  by  a  scavenger  charge  of  air  to  cleanse 
the  cylinder,  with  which  all  their  engines  are  now  provided,  a  mean 
pressure  of  120  lbs.  per  square  inch  may  be  attained,  without  the  danger 
of  premature  ignition.     The  Premier  engine  works  on  the  four-cycle, 
with  hot  tube  and  a  timing  valve,  and  the  side  shaft  is  geared  2  to  1 
to  the  main  shaft  in  the  usual  way.     In  the  smaller  engines  an  inertia 
governor  was  formerly  used,  consisting  of  a  bar  with  a  weight  at  one  end 
and  a  notched  jaw  at  the  other,  working  on  to  a  lever  opening  the  gas 
valve.     The  governor  acted  on  a  disc  rotating  at  the  same  speed  as  the 
engine,  and  caused  a  pin  upon  it  to  miss  the  gas  valve  if  the  normal 
speed  was  exceeded.     In  the  larger  engines,  especially  those  at  high 
speed  for  electric  lighting,  the  centrifugal  governor  is  driven  from  the 
crank  shaft,  and  acts  by  throttling  the  supply  of  gas.     Thus  the  quality 
of  the  charge,  the  degree  of  compression,  and  the  strength  of  the  explosion 
are  varied.     Smaller  engines  are  started  by  a  pump  which  injects  gas 
and  air,  while  a  catch  holds  the  ignition  valve  closed.     As  soon  as  the 
mixture  is  sufficiently  compressed  by  the  pump,  the  timing  valve  is 
released  while  the  engine  is  still  at  rest,  the  mixture  enters  the  ignition 
tube,  an  explosion  follows,  and  the  engine  begins  to  work.     Engines  for 
larger  powers  are  started  by  compressed  air,  or  by  barring  gear,  which 
consists  of  a  pinion  gearing  by  means  of  a  hand-wheel  into  teeth  cast  on 
the  flywheel. 

The  Premier  is  made  single-cylinder  in  sizes  from  4  to  250  B.H.P., 
above  that  with  two  cylinders  up  to  1,200  H.P.,  and  a  piston  speed  of 
750  feet  per  minute.  All  sizes  are  horizontal,  the  vertical  type  having 
now  been  discarded ;  engines  for  large  powers  have  electric  ignition,  and 
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are  specially  intended  to  work  with  producer  gas.     All  engines  are  now 
constructed  on  the  system  of  introducing  a  scavenger  charge  of  pure  air 
to  cleanse  the  cylinder  of  the  burnt  products.     In  the  single-cylinder, 
and  in  some  types  of  the  tandem  two-cylinder  engines,  the  air  cylinder  is 
formed  by  enlarging  the  front  end  of  the  motor  cylinder.     The  working 
and  air-pump  pistons  are  bolted  together,  and  form  one  piece  of  two 
different  diameters.     The  smaller  motor  piston  fits  into  the  cylinder  as 
usual;  the  larger,  nearest  the  ci*ank,  works  to  and  fro  in  an  enlarged 
prolongation  of  the  cylinder,  forming  a  single-acting  air  pump.     Into  this 
a  charge  of  pure  air  is  drawn  during  the  out  stroke,  and  compressed  by 
the  next  back  stroke  into  a  passage,  from  whence  it  enters  the  combustion 
chamber  of  the  motor  cylinder  when  the  motor  piston  is  halfway  through 
the  exhaust  stroke,  and  drives  out  the  products  of  combustion.   The  exhaust 
valve  is  kept  open  until  after  the  crank  has  passed  the  dead  point,  and  a 
free  passage  to  the  air  is  afforded.     But  as  soon  as  the  suction  or  admis- 
sion stroke  begins,  the  opening  of  the  gas  valve  throttles  the  air  ports, 
and  less  air  is  admitted  to  mix  with  the  gas.     Thus,  a  rich  charge  is 
obtained,  undiluted  by  the  burnt  products,  and  a  pressure  of  120  lbs.  per 
square  inch   is  reached.     In  the  latest  types  of  tandem  two-cylinder 
engines,  the  scavenging  air  cylinder  is  placed  obliquely  above  the  front 
motor  cylinder,  as  seen  at  Fig.  58,  and  driven  from  the  connecting-rod. 
Where  two  cylinders  are  placed  side  by  side,  the  same  valve  shaft  and 
set  of  cams  may  be  utilised  for  both. 

A  large  and  important  Premier  gas  engine  plant  was  erected  in  1896 
at  the  Electrical  Central  Station  of  the  Leyton  District  Council,  and  was 
tested  by  Professor  Robinson  in  1897.  The  gas  for  driving  the  engines 
was  supplied  by  three  Dowson  generators,  from  a  gasholder  20  feet  in 
diameter  and  10  feet  high.  The  plant  consists  of  four  Premier  engines, 
each  driving  a  dynamo.  The  heating  value  of  the  Dowson  gas  was  156 
B.TiU.  per  cubic  foot,  and  the  consumption  of  anthracite  (not  including 
the  coke  for  the  boiler)  0-84  lb.  per  I.H.P.-hour.  During  the  trial  each 
engine  indicated  59*5  H.P.,  and  gave  with  a  dynamo  43*7  electrical  H.P., 
making  the  electrical  efficiency  73  per  cent.  An  excellent  trial  on  a 
500-H.P.  Premier  engine  of  the  scavenger  type,  and  driven  with  Mond 
gas,  in  which  the  consumption  was  60  cubic  feet  of  gas,  and  thermal 
efficiency  25*6  per  cent,  per  B.H.P.,  wasj  made  by  Mr.  Humphrey  in 
July,  1900.  Particulars  will  be  found  in  the  Tables.  Of  these  engines 
30  above  200  H.P.  have  been  made,  with  a  total  of  nearly  12,000  H.P., 
and  they  have  supplied  13,750  H.P.  to  work  with  Mond  gas  alone. 
Premier  gas  engines  have  also  been  the  first  motors  applied  in  England 
on  a  large  scale  to  work  with  blast-furnace  gases  (see  Chapter  xii.). 

Campbell. — The  engine  of  this  name,  manufactured  by  the  Campbell 
Gas  Engine  Company,  Halifax,  is  another  important  four-cycle  motor  of 
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the  Otto  type,  with  hot-tube  ignition,  a  timing  valve,  and  ball  governor. 
The  cylinder,  as  in  many  other  modern  English  gas  engines,  is  fitted  'with 
a  loose  lining,  which  can  be  easily  renewed.  The  engine  is  started  by 
forcing  a  mixture  of  gas  and  air  by  hand  into  the  cylinder,  and  the 
"  Edmondaoa "  starter  is  also  sometimes  used.  It  is  made  horizontal, 
with  one  or  two  cylinders,  in  sizes  from  1  B.H.F.  upwards,  and  vertical 
up  to  300  and  400  B.H.P.,  with  four  cyUnders;  speed  260  to  160 
revolatioDS    per   miQnt«.    The    Campbell    Gas    Engine    Company    are 


Fig.  fi9. — Sectional  View,  WegtiDghouBe  Engine. 

among  those  English  firms  who  have,  of  late  years,  made  a  special  point 
of  constructing  Urge  power  engines  to  work  with  producer  and  other 
cheap  power  gases. 

Westinghouse. — Although  this  engine  was  brought  out  by  the 
Westinghouse  Machine  Company,  of  Pittsburg,  and  was  thus  originally 
of  American  construction,  it  has  now,  in  the  hands  of  the  Briti^ 
Westinghouse  Company,  taken  such  a  foremost  place  among  British  gas 
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engines  that  no  account  of  them  would  be  complete  without  a  description 
of  it.  In  size  and  importance  it  ranks  among  the  leading  types,  and  is 
probably  made  for  larger  powers  than  any  other  engine  (1905).  It  has, 
from  the  first,  been  built  on  the  lines  of  a  first-class  steam  engine,  for 
horse-powers  from  250  to  1,500  and  upwards,  with  two  or  more  vertical 
cylinders,  though  the  smallest  size  now  made  is  10  H.P.  It  is  dis- 
tinguished by  its  excellent  design  and  careful  workmanship.  As  it  is 
intended,  among  other  purposes,  for  driving  dynamos,  much  attention  has 
been  paid  to  the  governing  gear ;  the  '*  hit-and-miss  "  principle  has  been 
abindoned,  and,  by  duplicating  the  cylinders,  an  impulse  is  obtained  at 
every  motor  stroke. 

Fig.  59  gives  a  sectional  elevation  of  a  Westinghouse  engine.  The 
crank  and  connecting-rod  are  in  an  enclosed  chamber,  and  the  latter  is 
coupled  direct  to  the  plunger  piston.  This  chamber  is  filled  with  oil, 
into  which  the  connecting-rod  dips  at  every  revolution,  and  dashes  an 
abundant  supply  of  oil  over  all  the  internal  working  parts,  no  other 
lubrication  being  required  for  the  cylinder  and  piston.  A  is  the  auxiliary 
shaft  geared  2  to  1  to  the  main  shaft,  and  carrying  a  cam  which  acts 
upon  a  roller  just  below  the  exhaust  valve-rod  E.  This  shaft  is  hori- 
zontal, and  where  there  are  two  or  more  vertical  cylinders  placed  side  by 
side  (the  arrangement  usually  adopted),  it  carries  a  series  of  cams 
actuating  successively  the  exhaust  valve-rods  of  each  cylinder.  O  is  the 
exhaust  passage,  G  is  a  guide  lever,  B  is  the  admission  cam  shaft  driven 
from  the  shaft  A  by  bevel  wheels  through  two  smaller  shafts,  horizontal 
and  vertical ;  on  the  latter  is  the  ball  governor.  Air  and  gas  enter  at 
the  side,  and  pass  to  the  mixing  chamber  M.  The  two  handles  seen  at  L 
regulate  the  supply ;  the  upper  acts  on  the  admission  of  gas,  the  lower 
controls  the  air  valve.  The  mixture  passes  through  N  to  the  admission 
valve  J,  which  is  worked  by  the  horizontal  lever  C  and  a  cam  on  the 
shaft  B.  As  the  cam  raises  one  end  of  this  lever,  the  other  is  depressed, 
J  descends,  and  the  charge  enters  the  cylinder.  The  sensitive  governor 
acts  by  varying  the  quantity  of  the  charge  admitted  to  the  mixing 
chamber  M,  according  to  the  load.  The  proportions  of  gas  and  air  are 
determined  once  for  all,  in  conformity  with  the  quality  of  the  gas,  by 
means  of  two  indices  at  the  top  and  bottom  of  the  mixing  chamber.  The 
rotary  ball  governor  is  directly  connected  to  the  spindle  of  the  vertical 
regulating  valve,  which  works  up  and  down  in  this  chamber.  As  the 
balls  move  in  and  out,  responding  to  the  change  of  load,  the  valve 
increases  or  decreases  the  supply  of  the  charge  to  the  cylinder,  and 
hence  the  force  of  the  explosions ;  the  quality  does  not  vary,  there  are 
no  miss-fires,  and  great  regularity  in  running  is  said  to  be  obtained. 
The  shaft  B  carries  a  second  cam  actuating  a  horizontal  rod  through  the 

guide  D,  which  breaks  the  electric  current  at  the  wire  S.     In  the  larger 
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engines,  Hie  igniter  F  has  two  aete  of  terminals  enclosed  in  one  box. 
One  of  these  only  is  used,  the  other  is  reined  as  a  reserve,  and  thus  the 
danger  of  a  miss-fire  or  break  is  avoided.  Starting,  not  a  difficult  process 
where  two  or  more  cylinders  are  used,  is  effected  by  compressed  air, 
usually  stored  in  tanks  &t  a  pressure  of  250  lbs.  per  square  inch.  The 
admission  valve  in  one  of  the  motor  cylinders  is  closed,  the  exhaust  valve 
held  open  once  in  every  revolution  by  a  special  cam.  The  starting  valve, 
driven  by  a  cam  on  the  lower  valve  shaft,  is  then  thrown  on,  connected 
to  the  air  tank,  and  compressed  air  admitted  to  the  cylinder  at  each  down 


Fig.  60.— WestiDghouBo  Vertical  650B.H.P.  Thwe-Cylinder  Gm  Engine,  with 

Direct-Driven  Dynamo. 

stroke  of  the  piston.     After  a  few  impulses  have  been  obtained  in  this 

way,  energy  is  communicated  to  the  other  cylinders,  and  the  engine  is 

fairly  started. 

Fig.  60  gives  a  view  of  a  650  B.H.P.  three-cylinder  vertical  engine  of 
the  same  construction  as  that  here  described.  The  dynamo  is  on  the 
craiik  shaft,  Each  cylinder  is  2n  inches  diameter  by  30  inches  stroke,  and 
the  normal  speed  is  150  revolutions  per  minute.  The  same  auxiliary  and 
cam  shafts  serve  the  three  cylinders.  Where  two  cylinders  are  used  a 
motor  impulse  is  obtained  at  every  revolution,  and  with  three  cylinders 
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At  every  two-tbirds  of  a  revolution  ;  in  the  latter  type,  which  ia  the  most 
asual,  the  cranks  are  set  at  an  angle  of  120°  to  each  other.  Id  all 
engines  for  large  powers,  the  valves  and  pistons,  as  well  as  the  cylinders, 
Are  water-jacketed. 


I  ij6  gas,  oil,  and  air  engines. 

Westinghouse  gas  engines  are  now  built  in  sizes  up  to  2,500  H.P.,  and 
are  much  used  to  work  with  blast-furnace,  coke-oven,  Mond,  and  other 
cheap  power  gases,  for  all  of  which  large  engines  are  in  increasing 
demand.  Of  sizes  developing  over  200  H.P.,  45  engines  have  been 
constructed,  with  an  aggregate  of  17,600  H.P.,  or  nearly  400  H.P.  per 
engine,  and  over  7,000  H.P.  have  been  supplied  to  work  with  Mond  gas 
alone.  The  consumption  is  about  14  to  16  cubic  feet  of  lighting  gas  per 
B.H.P.  hour,  or  1  lb.  anthracite  in  a  producer.  This  important  and 
enterprising  firm  have  not  been  behind  others  in  adopting  the  double- 
acting  type  for  large  powers,  and  a  two-cylinder  engine  of  this  kind, 
developing  1,500  B.H.P,  has  lately  been  brought  out.  It  is  made  both 
vertical  and  horizontal ;  the  latter  type  is  shown  at  Fig.  61,  coupled 
direct  to  an  alternator.  In  construction  it  is  similar  to  the  single-acting 
engines,  but  the  parts  are  in  duplicate,  as  shown,  and  the  charge  is 
admitted  and  fired  alternately  at  either  end  of  the  closed  cylinder.  In 
the  vertical  double-acting  type,  with  two  cylinders,  the  dynamo  is 
placed  on  the  crank  shaft  between  them. 

Forward. — This  engine,  made  by  the  Forward  Engineering  Company 
(Kynoch),  of  Birmingham,  is  a  simplified  Otto.     The  Beau  de  Rochas 
cycle  is  used,  but  several  improvements  have  been  introduced.     As  in 
most  modem  English  gas  engines,  ignition  is  by  a  hot  porcelain  tube. 
In  the  earlier  engines  the  device  for  obtaining  punctual  ignition  of  the 
charge  without  a  timing  valve  was  ingenious.     The  opening  of  the  tube 
was  covered  by  a  rotating  disc,  with  "  hit-and-miss "  slots ;  the  surface 
of  the  disc  was  divided  into  radiating  sections,  alternately  pierced  and 
solid,  which,  as  the  disc  revolved,  were  brought  successively  across  the 
ignition  port.     According  to  the  section  of  the  disc  facing  it,  the  ignition 
port   communicated   with,    or    was   shut   off  from    the    cylinder.     The 
governor  regulated  the  speed  of  the  engine  by  controlling  the  admission 
of   gas   and   air   into    the   combustion    chamber,    and   also   the    rotary 
motion  of  the  disc.     If  the  normal  speed  was  greatly  exceeded,  it  also 
wholly  cut  off  the  gas  supply.     All  the  latest  engines  have  a  timing 
valve  to  determine  the  precise  moment  of  ignition ;   the  smaller  sizes 
have  a  pendulum,  and  the  larger  a  sensitive  rotary  governor,  which  acts 
on  the  "  hit-and-miss  "  principle.     They  are  fitted  with  a  special  starter, 
through  which  a  minute  quantity  of  light  petrol  is  introduced  into  the 
cylinder;  an  explosion  is  produced,  and  an  impulse  communicated  to 
the  engine.     It  is  made  horizontal,  single-cylinder,  in  sizes  from  1  to 
125  B.H.P.,  and  runs  at  550  to  160  revolutions  per  minute.     The  con- 
sumption of  gas  of  525  B.T.U.  per  cubic  foot  is  said  to  be  about  16 J 
cubic  feet  per  B.H.P.  hour. 

Tests  have  been  made  on  the  Forward  engine  by  Prof.  Robert  Smith 
and  by  Mr.  Holroyd-Smith,  and  both  these  experts  have  reported  favour- 
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ably.  During  trials  of  several  hours  the  engine  ran  very  steadily,  and 
was  found  to  work  well,  even  under  the  severe  test  of  counting  the 
revolutions  every  ten  seconds,  instead  of  every  minute,  and  varying  the 
weight  on  the  brake  as  rapidly  as  possible.  The  rea]  test  of  regular 
working  in  an  engine  is  absence  of  fluctuations  in  the  speed  when  the 
load  is  suddenly  put  on  or  taken  off,  as  in  electric  installations.  In  a 
test  made  by  Prof.  R.  Smith  at  full  load  the  speed  was  177  revolutions 
per  minute,  with  59  explosions,  or  one  in  three.  The  consumption  of 
Birmingham  gas  per  I.H.P.  per  hour  was  20*79  cubic  feet,  and  23*97 
cubic  feet  per  B.H.P.  hour.  The  mechanical  eflSciency  was  86  per  cent. 
Another  trial  was  made  at  the  Birmingham  Gas  Works  in  1894  on  a 
22-85  B,H.P.  engine,  in  which  the  gas  consumption  was  21  cubic  feet  per 
B.H.P.  and  17f  cubic  feet  per  I.H.P.  hour.  The  mechanical  efficiency 
was  84  per  cent. 

Midland. — The  first  engine  of  this  name,  manufactured  by  Me88i*s. 
John  Taylor,  of  Nottingham,  had  two  cylinders,  motor  and  pump,  both 
single-cutting,  and  fixed  upon  the  same  frame.  In  the  vertical  type  the 
two  cylinders  were  side  by  side.  The  charge  was  admitted  and  com- 
pressed in  the  pump,  and  exploded,  expanded,  and  discharged  in  the 
motor  cylinder,  thus  giving  an  explosion  every  revolution.  The  admission 
valves  were  driven  by  an  eccentric  and  rod  on  the  main  shaft,  and  the 
gas  valve  connected  to  a  centrifugal  governor.  Ignition  was  by  hot  tube, 
without  a  timing  valve,  the  length  of  the  tube  determining  the  moment 
of  ignition. 

Messrs.  Taylor  gave  up  the  manufacture  of  this  type,  and,  like  many 
other  firms,  constructed  engines  exclusively  on  the  four-cycle  principle, 
single-cylinder,  and  chiefly  horizontal.  One  small  vertical  type  was  made 
from  1  to  4  H.P.  The  horizontal  engines  ranged  from  |  to  150  H.P., 
and  were  chiefly  constructed  with  the  cylinder  supported  on  a  cast-iron 
foot,  but  not  overhanging.  All  the  valves  were  worked  by  cams  on  a 
side  shaft,  driven  2  to  1  from  the  main  shaft,  and  the  gas  supply  was 
controlled  by  a  ball  governor.  The  smaller  sizes  had  no  timing  valve ; 
engines  above  20  H.P.  were  fitted  with  a  timing  valve  and  starting 
apparatus.  The  Midland  has  been  largely  applied  to  drive  dynamos, 
mills,  pumping  engines,  &c.,  in  England  and  abroad,  and  used  with 
producer  gas  with  good  results.  A  test  was  made  at  Nottingham  in  1897 
on  a  47  B.H.P.  engine,  driven  with  power  gas  made  from  coke,  &c.  The 
cylinder  diameter  was  16  inches  with  21 -inch  stroke,  and  the  engine  ran 
at  218  revolutions  per  minute.  The  consumption  of  this  poor  fuel  was 
1*53  lbs.  per  B.H.P.  hour;  mechanical  efficiency  81  per  cent.  Another 
trial  was  carried  out  at  Worcester  on  a  70  B.H.P.  motor  driven  by  power 
gas  from  a  Midland  producer,  and  especially  adapted  for  such  work. 
The  speed   of  the  engine  was   176   revolutions   per   minute;  cylinder 
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diameter  19  inches,  stroke  24  inches.  There  were  no  miss-fires.  The 
mean  pressure  was  72-3  lbs.,  and  the  engine  indicated  77  H.P.  The  con- 
sumption of  cheap  small  anthracite  was  0*65  lb.  per  I.H.P.  hour.  An 
engine  of  the  same  size  at  Nice  consumed  17  cubic  feet  of  town  gas  per 
B.H.P.  hour.  This  engine  is  now  made  by  the  Railway  and  General 
Engineering  Co.,  Nottingham,  in  sizes  from  4  to  20  B.H.P. 

Express. — ^The  Express,  made  by  Messrs.  Furnival  &  Co.,  of  Red- 
dish, near  Stockport,  was  another  single  cylinder  gas  engine  which, 
appeared  after  the  expiration  of  the  Otto  patent.  In  design,  con- 
struction, and  cycle  of  operations  it  closely  resembled  it.  Four 
engines,  of  sizes  varying  from  2  to  25  H.P.,  were  shown  at  the  Brussels 
Exhibition  in  1897,  but  its  manufacture  has  now  been  discontinued. 

The  same  remark  applies  to  the  small  single  cylinder  horizontal 
engine,  formerly  made  by  Mr.  John  Robson,  of  Shipley,  on  the  Otto 
principle,  which  has  disappeared  from  the  market. 

Trusty. — ^This  engine,  made  by  the  Shillingford  Engineering  Co.,  of 
Cheltenham,  is  a  well-cpnstructed  motor  using  the  four-cycle,  and  having 
an  explosion  every  two  revolutions.  The  valves,  of  the  mushroom  type, 
are  worked  by  a  side  shaft  driven  from  the  main  shaft,  the  water- 
jacketed  valve-box  being  placed  at  the  side  of  the  cylinder.  Hot-tube 
ignition  is  used  without  a  timing  valve,  the  tube  being  made  of  a  metal 
alloy.  Governing  is  on  the  hit-and-miss  principle,  and  the  speed  of  the 
engine  can  be  adjusted  while  at  work.  In  some  engines  the  governor 
consists  simply  of  a  weight  attached  to  one  arm  of  a  lever  swinging  on 
a  pivot,  the  other  shorter  arm  of  which  opens  the  gas  valve,  unless  the 
normal  speed  be  exceeded.  An  8  B.H.P.  engine  was  tested  at  the 
Crystal  Palace  Exhibition  in  1892,  when  the  consumption  of  gas  was 
24  cubic  feet  per  B.H.P.,  and  15-45  cubic  feet  per  I.H.P.  per  hour. 
This  engine  is  made  horizontal,  single  cylinder,  in  sizes  from  ^  to  80 
H.P.,  and  runs  at  180  to  300  revolutions  per  minute.  A  special  feature 
claimed  for  it  is  that  it  can  be  converted  into  an  oil  engine,  and  vice 
versd,  without  difficulty, 

Robey. — ^This  horizontal  four-cycle  engine  is  made  by  Messrs.  Robey 
&  Co.,  of  Lincoln  (Richardson  and  Norris  patents),  for  driving  dynamos 
for  electric  lighting,  and  other  purposes.  Coming  from  so  well-known 
a  firm,  this  motor  seems  to  be  well  designed  and  constructed,  and  is 
already  popular.  It  has  heavy  flywheels,  and,  as  usual  with  this  class 
of  motor,  the  hit-and-miss  centrifugal  governor,  driven  from  the  cam 
shaft,  is  extremely  sensitive ;  it  acts  on  the  gas  valve  in  the  smaller 
engines  by  means  of  a  lever  and  small  roller.  In  the  larger,  it  carries 
a  tripper  blade,  which  engages  with  the  end  of  the  gas  valve,  and  cuts 
oflf  the  supply  if  the  speed  is  increased.  Ignition  is  by  a  tube  heated  by 
a  Bunsen  burner ;  a  double-headed  valve,  with  two  seats,  is  used  to  fire 
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the  charge,  and  great  accuracy  of  ignition  is  obtained.  By  a  special 
arrangement  the  moment  of  ignition  can  be  adjusted  to  suit  the  speed. 
The  number  of  revolutions  can  also  be  readily  altered,  and  the  engine 
made  to  run,  if  required,  at  a  low  speed  during  the  day  and  a  higher 
speed  at  night.  A  patent  ^'  safety  combination  "  is  provided  to  prevent 
Rtarting  backwards,  and  by  altering  the  eccentric  lever  the  motion  can 
be  reversed,  and  the  engine  run  in  either  direction  in  a  few  minutes. 
Engines  above  9  H.P.  are  fitted  with  balanced  cranks,  and  a  Lanchester 
self-starter  is  used  to  start  all  sizes  above  15  B.H.P.  The  Robey  engine 
is  made  horizontal,  single  cylinder,  single-acting,  in  sizes  from  1^  to  40 
B.H.P. ,  and  runs  at  350  to  170  revolutions  per  minute,  according  to  size. 
For  electric  lighting  the  speed  is  increased.  The  piston  speed  is  about 
600  feet  per  minute,  and  the  consumption  of  lighting  gas  of  650  B.T.U. 
heating  value  is  14  cubic  feet  per  B.H.P.  hour.  This  engine  can  also  be 
adapted  to  work  with  a  suction  gas  plant. 

National. — ^This  engine,  made  by  the  National  Gas  Engine  Co.,  of 
Ashton-under-Lyne,  is  another  four-cycle  motor  of  an  improved  Otto  type, 
the  manufacture  of  which  has  greatly  developed  within  the  last  few  years. 
The  special  features  claimed  for  it  are  the  strength  of  the  crank  shaft 
and  working  parts,  and  the  care  bestowed  on  their  design  for  small  as 
well  as  large  power  engines.  The  vertical  centrifugal  governor  is  on  the 
side  shaft.  The  porcelain  ignition  tube  is  placed  at  the  side  instead  of 
the  back  of  the  engine,  and  is  isolated  from  the  metal  holder  in  which  it 
is  fixed,  an  arrangement  said  to  make  it  last  longer,  and  to  reduce  con- 
siderably the  consumption  of  gas  for  the  burner.  All  motors,  except 
the  smallest  si^es,  have  a  timing  valve.  Engines  worked  with  producer 
gas,  and  in  general  all  for  large  powers,  are  fitted  with  electric  ignition. 
The  current  for  producing  the  spark  is  generated  by  a  small  magneto 
machine,  the  contact  breaker  being  inside  the  cylinder.  This  gives  a 
more  certain  ignition,  especially  where  the  quality  of  the  gas  varies,  as 
with  power  gas.  The  crank  pin  is  lubricated  by  a  sight-feed  oil  cup  fixed 
on  the  engine  bed.  A  test  made  by  Professor  Robinson  on  a  25  B.H.P. 
engine  showed  a  consumption  of  16  cubic  feet  per  B.H.P.  hour,  of  gas 
having  a  heating  value  of  630  B.T.U.  per  cubic  foot.  In  another  trial  of 
a  54  B.H.P.  engine,  the  consumption  of  gas  of  the  same  quality  was 
15  cubic  feet  per  B.H.P.  hour. 

A  new  type  of  engine  with  "super-compression"  and  a  scavenger 
blast  of  air  has  lately  been  brought  out,  based  on  the  principle  of 
increasing  the  mean  pressure  in  the  cylinder,  while  reducing  the  tempera- 
ture of  ignition.  As  a  rule,  the  temperatures  developed  in  the  cylinders 
of  large  power  engines  have  so  greatly  increased  with  the  compression  of 
the  charge,  that  water-jacketing,  especially  of  the  piston,  is  necessary.  It 
is  claimed  for  this  new  type,  by  no  less  an  authority  than  Mr.  Dugald 
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Clerk  (who  is  now  a  director  of  the  Company),  thQ.t  in  it  the  thermal 
efficiency  is  raised,  while  the  temperature  in  the  cylinder  is  kept  within 
such  moderate  limits  that  the  engine  works  without  water  circulating 
through  the  piston. 

A  sectional  view  of  a  250  B.H.P.  engine  is  given  at  Fig.  62.  The 
working  parts,  as  shown,  are  the  same  as  those  of  an  ordinary  four-cycle 
engine.  While,  however,  the  back  end  of  the  motor  piston  draws  in, 
compresses,  and  exhausts  the  charge  in  the  usual  way,  the  front  end  is 
utilised  as  a  pump,  and  sucks  m  at  the  same  time  a  charge  of  air  through 
a  valve  operated  by  a  cam  on  the  valve  shaft.  As  the  valve  closes,  the 
piston  compresses  the  air  into  a  reservoir  forming  a  clearance  space,  and 
communicating  with  the  admission  end  of  the  cylinder  through  ports. 
The  pressure  of  air  in  the  reservoir  is  about  16  lbs.  per  square  inch.  At 
the  end  of  the  charging  stroke,  the  ports  in  the  reservoir  are  over-run  by 
the  piston,  and  the  air  is  drawn  into  the  cylinder,  raising  the  pressure  of 
the  charge  by  about  7  lbs.  per  square  inch.  The  further  motion  of  the 
piston  closes  the  ports  before  -all  the  air  in  the  reservoir  is  exhausted. 

Jh  /  '    Supercompresaion  Presa.,  8  /ba.         ...         . . 

Compreaaion  Preaa.,  180  loa. 


Maximum  Exphaion  Preaa.,  600  Iba, 
Maximum  Temp,  of  Expioalon.  1300^  C. 
^    5?^  1    \  Eatlmated  Suction  Temp.,  60"*  C. 

'/OOO'C 

Fig.  63. — Diagram  of  National  "Super-compression"  Engine. 
Mean  Pressure  103  lbs.  per  sq.  inch  above  atmos. 

At  the  next  return  (exhaust)  stroke,  the  piston  again  opens  communica- 
tion between  the  reservoir  and  the  motor  cylinder,  and  draws  in  the 
remainder  of  the  slightly  compressed  air,  which  forms  a  scavenger  charge, 
driving  out  the  exhaust  gases  before  it.  Thus  the  air-admission  valve  is 
only  opened  once  in  every  two  revolutions,  but  the  air  under  pressure  is 
utilised  at  each  revolution — during  the  first  stroke  to  increase  the  com- 
pression of  the  charge,  during  the  second  to  cleanse  the  cylinder  of  the 
burnt  products.  To  prevent  the  charge  of  compressed  air  from  increasing 
the  temperature  as  well  as  the  pressure  in  the  cylinder,  the  reservoir  is 
cooled  with  water.  In  this  way,  as  shown  in  the  diagram  (Fig.  63),  the 
mean  pressure  of  the  charge  is  raised  to  over  100  lbs.  per  square  inch, 
while  the  pressure  of  compression  is  180  lbs.  per  square  inch.  All 
engines  above  '250  H.P.  are  built  on  this  principle  of  "super-com- 
pression."    Fig.  64  gives  an  external  view. 

The  National  engine  is  made  with  one  cylinder,  horizontal  only,  from 
2  to   160  H.P.,  to  work  with   lighting  gas,  and  runs  at  500  to   160 
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revolutions  per  minute,  according  to  size,  and  for  electric  lighting,  for  the 
same  powers,  with  slightly  increased  speeds.  A  horizontal  twin-cylinder 
type  is  also  made  from  250  to  300  H.P.  The  output  of  this  enterprising 
firm  is  one  of  the  largest  in  England,  and  they  claim  to  manufacture 
180  engines  per  month. 

The  Duplex,  also  called  the  Q>rifin,  and  made  by  Messrs.  Griffin,  of 
Bath,  is  a  small  vertical  four-eycle  single-acting  engine  of  leather  novel 
design.  It  has  two  cylinders  and  two  pistons  working  downwards  on  to  . 
the  crank  shaft  through  one  crosshead  and  connecting-rod.  The  two 
parallel  pistons  are  connected  at  their  lower  ends  to  a  box  crosshead,  to 
which  the  connecting-rod  is  attached.  Ignition  is  by  incandescent  tube, 
and  the  governor  acts  on  the  '^  hit-and-miss  "  principle  on  the  single  gas 
valve  supplying  both  cylinders.  The  admission  and  exhaust  valves  at  the 
top  open  directly  into  each  cylinder,  and  are  driven  by  a  single  cam  from 
the  valve  shaft  in  the  usual  way.  All  the  parts,  cylinders,  and  covers 
are  enclosed  in  one  water  jacket,  the  passages  and  chambers  are  kept  cool, 
and  a  good  thermal  efficiency  is  said  to  be  obtained.  Ignition  takes 
place  alternately  in  either  cylinder,  with  an  impulse  at  every  revolution. 
In  an  engine  made  for  driving  a  dynamo,  the  diameter  of  each 
cylinder  was  10 J  inches  by  15  inches  stroke,  mechanical  efficiency  86  per 
cent.  When  run  at  180  revolutions  per  minute  the  engine  developed 
46  I.H.P.,  with  a  gas  consumption  of  18J  cubic  feet  per  I.H.P.  hour,  and 
40  B.H.P.  with  21J  cubic  feet  of  gas  per'^B.H.P.  hour.  If  driven  at  200 
revolutions  per  minute,  the  engine  will  give  80  I.H.P.  Drawings  and  a 
description  will  be  found  in  Engineering ,  May  20,  1898.  This  engine 
is  now  worked  almost  entirely  with  oil  as  a  marine  motor. 

Clarke,  Chapman  ic  Co.  (Butler's  patent). — An  engine  has  been 
brought  out  by  this  firm  which,  although  not  entirely  new,  since  several 
foreign  makers  have  utilised  the  idea  with  slight  variations,  does  not 
seem  to  have  been  previously  introduced  into  England.  The  usual 
ignition,  admission,  and  exliaust  valves  have  been  replaced  by  a  single 
circular  rotary  valve,  worked  by  an  auxiliary  shaft  geared  to  the  crank 
shaft  by  worm  wheels  4  to  1,  thus  rotating  once  every  four  revolutions  or 
eight  strokes.  This  slow  motion  is  intended  to  prevent  wear  and  tear, 
the  various  functions  being  carried  out  alternately  on  opposite  sides  of 
the  piston  valve.  The  revolving  valve  has  two  ports  for  the  supply 
of  gas  and  air,  and  two  for  exhaust,  corresponding  with  the  two  passages 
to  the  cylinder.  If  hot-tube  ignition  is  used,  the  circular  valve  also 
carries  two  ports  for  opening  communication  between  the  tube  and  the 
cylinder  at  the  proper  moment. 

The  gas  and  air  are  first  admitted,  the  air  through  a  nozzle,  and  the 
gas  through  a  small  screw  regulating  valve  to  an  annular  space  round 
it,  and  thence  to  a  mixing  chamber  beyond.     This  device  is  called  the 
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inspirator.  The  charge  then  passes  to  a  throttle  valve  controlled  by  the 
governor,  as  in  a  steam  engine.  It  is  admitted  through  the  ports  in  the 
circular  valve  to  the  cylinder,  and  compreased,  ignited,  expanded,  and 
discharged  in  the  usual  way.  The  makers  prefer  to  ignite  the  charge 
electrically,  and  supply  a  coil  and  battery  :  a  timing  commutator  is  then 
fixed  on  the  valve  shaft.  This  method  of  ignition  is  said  to  facilitate 
starting,  hut  if  tube  ignition  be  require<l,  the  hot  tube  is  fixed  immedi- 
ately over  the  valve  casing.  There  is  no  timing  valve,  explosion  at  the 
right  moment  being  effected  through  the  circular  valve.  The  engine  is 
regulated  by  a  weight  governor  on  the  flywheel.  If  the  normal  speed  is 
«xceeded  the  weights  fly  out,  and  act  through  a  shaft  upon  the  throttle 
valve  in  the  admission  pipe,  diminishing  the  quantity  entering  the 
cylinder  more  or  less  according  to  the  excess  of  speed.     The  quality  of 


Fig.  65.— Clarke-Chapmftn  Gas  Engine— Single  Cylinder.     lSM-1890. 

the  cliarge  is  never  varied,  and  as  the  governor  does  not  interfere  with 
the  working  of  the  cireular  valve,  there  is  an  explosion  at  every  cycle, 
whatever  the  load.  The  pi'esaure  of  admission  is  regulated  by  the 
governor,  accoi'dilig  to  tlie  work,  the  speed  being  kept  practically  the 
same.  The  engine  is  started  by  a  small  hand  pump,  which  forces  a 
pi-operly  proportioned  mixture  of  gas  and  air  into  a  chamber,  frOm  whence 
it  passes  through  a  valve  into  the  cylinder,  and  is  ignited  either  by  the 
burner  or,  preferably,  by  electricity.  An  external  view  of  the  engine  is 
shown  at  Fig  65,  but  its  manufacture  has  now  been  discontinued. 

A  description  of  the  Dawson  high-speed  four-cycle  engine  will  be 
found  at  p,  107  of  the  Third  Edition.     It  is  no  longer  made. 

Small  Motors. — Of  the  numerous  gas  engines  brought  out  within 
the  last  few  years  in  England  and  abroad,  many  are  made  almost  ex- 
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clusively  for  small  powers.  These  little  engines  do  not  vary  much  in 
make,  all  being  of  the  Otto  four-cycle  type ;  their  main  recommendation 
is  not  so  much  economy  of  gas  as  lightness,  simplicity,  and  the  ease  with 
which  they  are  started  and  worked.  In  many  industrial  operations  the 
use  of  small  gas  motors  often  makes  the  difference  between  profit  and 
loss  to  the  employer,  particularly  with  the  difficulties  of  modem  labour. 

Gardner. — According  to  the  makers  of  this  engine,  whose  works 
are  at  Colne,  in  Lancashire,  over  1,000  have  been  sold  in  five  years.  It 
is  made  four-cycle,  single  cylinder,  single-cutting,  both  horizontal  and 
vertical,  in  sizes  from  ^  to  20  B.H.P.  Hot-tube  ignition,  without  a 
timing  valve,  is  used  for  the  smaller  sizes;  in  the  larger,  electrical 
ignition  has  been  successfully  employed.  The  engines  run  at  450  to  190 
revolutions,  and  have  a  piston  speed  of  300  feet  per  minute  in  the 
smallest  to  500  feet  in  the  larger  sizes. 

Boots. — In-  this  engine,  invented  by  Mr.  Roots,  the  pressure  of  the 
exhaust  gases  was  utilised  to  give  a  second  working  stroke.  In  other 
words,  the  engine  was  partly  double-acting,  having  a  motor  impulse  on 
either  side  of  the  piston,  but  combustion  taking  place  on  one  side  only. 
The  usual  operations  were  gone  through  on  one  side  of  the  piston,  and 
the  exhaust  gases  then  passed  through  ports  to  a  space  on  the  other  side, 
containing  compressed  air,  and  acted  on  the  piston  to  drive  it  back. 
This  motor  is  no  longer  made  ;  the  Roots  engine  is  now  driven  only  with 
oil,  and  used  in  motor  cars. 

The  Dadbridge,  by  Messrs.  Humpidge  &  Holborow,  Stroud,  is 
a  motor  of  the  four-cycle  Otto  type,  with  one  or  two  cylinders,  presenting 
no  novel  features.  The  air  and  exhaust  valves  open  directly  into  the 
cylinder  without  connecting  ports,  an  arrangement  said  to  reduce  the 
amount  of  cooling  surface  affecting  the  incoming  charge,  and  hence  to 
give  a  better  combustion.  Ignition  is  by  a  metal  tube  heated  by  a  ring 
burner,  and  there  is  no  timing  valve  for  sizes  below  20  H.P.  All  engines 
are  fitted  with  a  self-starter,  the  larger  sizes  being  started  by  compressed 
air.  Lubrication  is  automatic,  and  the  supply  of  oil  is  stopped  if  the 
engine  is  not  running.  The  centrifugal  governor  acts  on  the  "  hit-and- 
miss  "  principle.  The  engine  is  made  horizontal  only,  in  sizes  from  |  to 
110  B.H.P.  with  one  cylinder,  and  up  to  220  B.H.P.  with  two  cylinders, 
and  runs  at  350  to  160  revolutions  per  minute.  For  driving  dynamos 
the  power  is  increased  up  to  250  B.H.P.  with  two  cylinders,  and  the 
speed  is  greater.  The  power  at  the  Dudbridge  Iron  Works  is  supplied 
by  a  gas  producer  on  the  Dowson  system,  fired  with  anthracite. 
Engines  from  15  to  250  B.H.P.  can  be  fitted  with  these  "fuel-gas" 
plants.  The  consumption  of  lighting  gas  of  650  B.T.U.  per  cubic  foot 
is  said  to  be  about  15^  cubic  feet  per  B.H.P.  hour. 

The  gas  engine  made  by  the  IVewton  Electrical  Works,  Taunton, 
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is  another  of  the  usual  four-cycle  type,  of  simple  design.  Air  is  drawn 
in  from  the  base  of  the  engine,  and  both  the  gas  and  air  valves  are 
worked  by  one  cam  from  the  side  shaft.  The  rotary  ball  governor  acta 
upon  the  gas  admission,  and  varies  the  supply  of  gas  in  proportion  to  the 
load.  Ignition  is  by  hot-tube  ignition  without  a  timing  valve.  The 
water-jacketed  exhaust  valve  is  driven  by  another  cam  on  the  side  shaft. 
The  engine  is  made  horizontal  only,  in  sizes  from  2  to  34  B.H.P.,  and 
runs  at  340  to  190  revolutions  per  minute. 

Messrs.  Grioe  &  Sons^  Birmingham,  have  brought  out  the  ^'Birming- 
liam"  gas  engine  (Grice  and  Rollason's  patents),  a  four-<;ycle,  single 
cylinder,  horizontal  motor,  specially  intended  to  supply  power  for  small 
industrial  purposes,  for  which  it  is  much  in  demand,  such  as  printing, 
metal  working,  &c.  The  engine  is  very  simple,  with  few  parts;  lift 
valves  are  used,  with  hot-tube  ignition,  and  a  rotary  governor.  It  is 
made  in  sizes  from  1  to  90  B.H.P.,  and  runs  at  250  to  150  revolutions 
per  minute. 

The  Globe,  made  by  Messrs.  Pollock,  White  &  Waddel,  of  Johnstone, 
near  Glasgow,  is  an  engine  of  the  ordinary  Otto  type,  with  hot-tube 
ignition  and  mushroom  valves,  worked  by  cams  from  a  side  shaft  driven 
in  the  usual  way.  The  inertia  governor  acts  on  the  gas-admission  valve, 
and  wholly  cuts  off  the  supply  if  the  normal  speed  is  exceeded.  The 
engine  is  made  horizontal  only,  single  cylinder,  single-acting,  in  sizes 
from  1  to  50  B.H.P.,  and  the  piston  speed  is  about  500  feet  per  minute. 
It  was  exhibited  at  Brussels  in  1897. 

The  Ideal,  by  Messrs  Hardy  &  Padmore,  of  Worcester  (South- 
all's  patents),  is  a  well-designed  engine  of  the  usual  type,  the  admission 
and  exhaust  valves  being  at  the  back  of  the  engine,  and  worked  by  cams 
on  the  side  shaft,  geared  2  to  1  to  the  main  shaft.  The  "  hit-and- 
miss  "  governor  acts  by  cutting  off  the  supply  of  gas  if  the  normal  speed 
is  exceeded ;  air  only  is  then  drawn  in  by  the  piston,  compressed,  and 
discharged  to  atmosphere,  till  the  speed  has  fallen.  Ignition  is  by  a  hot 
tube,  and  a  timing  valve  in  the  smallest  sizes  is  dispensed  with.  The 
engine  is  made  from  1  to  8  H.P.  with  a  speed  of  450  to  300  revolutions 
per  minute. 

A  small  engine  of  the  same  class  is  the  Drake,  made  by  Messrs. 
Drake  &  Fletcher,  of  Maidstone,  and  similar  in  type  to  their  oil  engine. 
It  is  built  horizontal  only,  from  1  H.P.  upwards,  and  runs  at  a  somewhat 
high  speed.  The  Capell  (R.  L.  Capell,  Northampton)  and  the  Smith- 
field  (Green  &  Sons,  Bl«ickfriars)  are  two  small  gas  engines  of  the 
ordinary  type ;  the  latter  is  made  from  1  to  20  H.P.,  and  runs  at  235  to 
160  revolutions  per  minute. 

A  description  of  the  Edmondson  starter  will  be  found  at  p.  110  of 
the  Third  Edition.     Like  the  Lanchester,  it  is  now  seldom  used,  most 
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^as  engine  builders  supplying  their  own  starters,  which  chiefly  consist 
of  a  reservoir  of  compressed  air,  with  starting  valve  and  connections. 

Vog^. — This  engine,  designed  by  Messrs.  Vogt  and  Recklinghausen, 
is  at  present  in  the  experimental  stage,  but  the  principles  it  embodies 
and  the  working  method  are  so  novel  that  a  brief  description  of  it  must 
be  given.  It  is  a  double-acting  engine,  giving  two  impulses  per  revolution 
in  one  cylinder.  The  most  striking  peculiarity  is  that  the  explosions 
take  place  over  water,  with  which  the  motor  cylinder  is  filled,  and 
neither  a  water  jacket  nor  lubricating  oil  are  required.  The  engine 
consists  of  a  horizontal  motor  cylinder,  with  two  vertical  combustion 
chambers  above  it,  one  at  either  end.  The  cylinder  is  completely,  and 
the  combustion  chambers  partly,  filled  with  water,  which  in  the  latter  is 
maintained  at  a  level  varying  with  the  pressure  of  explosion.  The  air, 
gas,  and  exhaust  valves  are  all  in  the  upper  part  of  each  combustion 
■chamber,  and,  together  with  a  water  valve  below  the  cylinder,  are  driven 
by  eccentrics.  Air  and  gas  are  supplied  under  pressure  from  pumps,  the 
air  pump  being  directly  connected  to  the  piston,  and  the  gas  pump 
driven  slightly  in  advance,  from  the  crank  shaft. 

The  action  of  the  engine  is  as   follows: — Gas  and  air  being  com- 
pressed in  the  usual  way  in  the  combustion  chamber  at  one  end  of  the 
cylinder,  are  fired  by  electricity.     The  explosive  pressure  forces  down 
the  column  of  water  below  it,  and  the  impact  drives  the  motor  piston  to 
the  other  end  of  the  cylinder,  where  the  same  action  is  repeated.     Just 
before  the  end  of  this  stroke  the  exhaust  valve  opens,  the  level  of  water 
sinks,  uncovering  the  air  valve,  and  the  incoming  air  during  the  return 
stroke  drives  out  the  products  of  combustion.     As  the  exhaust  vaJve 
closes  the  gas  valve  opens,  and  the  charge  of  gas  and  air  is  compressed 
and  ignited  as  before.     One  of  the  characteristic  features  of  the  engine 
is  the  action  of  the  governor  on  the  water  valve  at  the  bottom,  through 
which  a  little  water  is  withdrawn  at  each  stroke,  a  small  quantity  being 
injected  to  supply  the  deficiency.      If  the  engine  is  running  under  a 
heavy   load  more  water  is  withdrawn,  the  compression  space   is  thus 
increased,  and  the  governor  at  the  same  time  closes  the  exhaust  valve 
and  opens  the  gas  valve  earlier  in  the  stroke.     More  gas  enters  the 
cylinder,  more  air  remains  in  it,  and  therefore  the  compression  does  not 
vary.     If  the  engine  is  running  light  the  process  is  reversed ;  less  water 
escapes  through  the  valve,  the  closing  of  the  exhaust  and  opening  of  the 
gas  valve  are  delayed,  and  both  the  compression  space  and  volume  of  the 
charge  are  reduced.     In  this  way  the  size  of  the  compression  chamber  is 
varied,  the  degree  of  compression  remaining  constant.     By  adjusting  the 
spring  of  the  water  relief  valve,  compression  may  be  regulated  to  suit 
the  load  on  the  engine,  and  the  quality  of  gas  used.     The  electric  igniter 
being  almost  at  the  top  of  the  combustion  chamber,  the  water  does  not 
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reach  it  and  throw  it  out  of  gear.  Both  the  air  and  gas  may  be  stored,  and 
delivered  from  an  intermediate  receiver,  an  arrangement  also  proposed  in 
other  motors. 

The  Vogt  engine  has  at  present  been  made  only  in  a  small  If  H.P. 
size,  which  was  tested  by  Professor  Capper  and  Mr.  H.  A.  Humphrey. 
In  the  latter  trial  it  gave  a  consumption  of  16  to  18  cubic  feet  of  light- 
ing gas  per  B.H.P.  hour,  a  remarkable  result  for  so  small  an  engine.  An 
advantage  claimed  for  it  is  that,  if  poor  gas  charged  with  a  considerable 
amount  of  dust  be  used  to  drive  it,  the  water  would  effectually  clean  the 
gas.     The  engine  is  started  by  compressed  air. 
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CHAPTER    VIII. 
MODERN  FRENCH  GAS  ENGINES. 

CoNTXNTS.  — Simplex — Delamare-Cookerill — Second  Lenoir — Charon — Tenting — Nie  I 
—  Letombe  —  Small  French  Engines — Brouhot  —  Bonier  —  Duplex — Gnome — 
Belgian  Engines. 

Simplex. — Among  the  various  engines  which  have  appeared  to  com- 
pete with  the  Otto,  one  of  the  best  is  the  Simplex,  brought  out  by  MM. 
Delamare-Deboutteville  and  Malandin  in  1884.  The  Deutz  firm  con- 
tended that  their  patent  had  been  infringed,  but  the  law  suit  which 
ensued  was  decided  in  favour  of  the  Simplex.  Although  the  Beau  de 
Rochas  cycle  is  used,  the  engine  differs  in  the  ignition  and  regulation  of 
the  speed,  and  the  cycle  is  slightly  modified.  Ignition  takes  place  when 
the  piston  has  moved  out  a  little,  and  not  at  the  dead  centre.  The 
engine  is  horizontal,  single-acting,  and,  till  quite  recently,  single  cylinder 
only  in  all  sizes.  In  the  Simplex  cycle  the  usual  sequence  of  operations 
is  adhered  to,  giving  one  explosion  for  every  two  strokes  forward  and 
two  strokes  return,  or  one  motor  impulse  in  four.  The  compression 
space  was  from  the  first  rather  smaller,  and  the  gases  more  highly  com- 
pressed than  in  the  Otto,  and  these  high  initial  pressures  and  tempera- 
tures are  a  source  of  economy,  because  a  poorer  mixture  can  be  used,  and 
less  gas  is  required.  The  charge  is  ignited  electrically  by  a  series  of 
sparks.  The*  piston,  being  allowed  to  move  out  a  little  before  the  ex- 
plosion takes  place,  works  more  easily  and  quietly,  and  there  is  less 
shock  to  the  bearings.  Not  only  the  pressure  of  the  gases,  but  the 
pureness  of  the  mixture  is  increased,  and  the  products  of  combustion 
more  completely  expelled,  because  of  the  smaller  space  into  which  the 
charge  is  driven. 

The  system  of  electric  ignition  adopted  by  M.  Delamare-Deboutteville 
obviates  most  of  the  attendant  drawbacks,  except  that  a  battery  and  coil 
are  required  to  generate  the  sparks.  Of  all  the  many  devices  hitherto 
resorted  to  for  firing  the  explosive  mixture,  none  of  them  can  be  called 
perfect.  The  plan  originally  adopted  by  Otto,  of  carrying  a  lighted  flame 
to  and  fro  in  the  slide  valve,  was  open  to  many  objections,  and  the  great 
heat  to  which  the  slide  valve  was  exposed  soon  deteriorated  the  quality 
of  the  iron,  and  made  the  joints  shrink.  Ignition  by  a  hot  tube  has  not 
these  disadvantages,  but  firing  by  electricity  has  been  universally  adopted 
abroad.      As  employed  by  Lenoir  and  his  successors,  the  system  was 
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defective,  and  there  were  frequent  miss -fires  and  premature  ignitions, 
while  sometimes  no  sparks  were  produced.    In  the  Simplex,  the  ingenious 
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method  has  been  adopted  of  introducing  the  two  ends  of  the  wires  into 
an  isolated|chamber  in  the  slide  cover,  and  allowing  a  continuous  stream 
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of  sparks  to  play  between  them.  A  slide  valve  moves  to  and  fro  between 
the  slide  cover  and  the  cylinder,  at  half  the  speed  of  the  crank  shaft. 
At  a  given  moment,  a  zig-zag  passage  in  the  slide  valve  is  brought 
opposite  the  ignition  ch8,mber,  and  opens  communication  between  it  and 
the  admission  port  into  the  cylinder.  Part  of  the  charge,  already  highly 
compressed  by  the  back  stroke  of  the  piston,  rushes  through  the  passa|(e, 
is  fired,  and  ignites  the  mixture  in  the  cylinder.  The  moment  of  igni- 
tion, therefore,  is  regalat«d,  not  by  the  generation  of  the  electric  sparks, 
but  by  the  movement  of  the  slide  and  the  edges  of  the  port:,  and  pre- 
mature ignition  cannot  take  place.  This  method  of  ignition  requires  a 
very  pure  explosive  mixture.     At  the  moment,  therefore,  when  the  com- 


Fig.  eT.~Simplex  Engine. 

pressed  gases,  driving  before  them  the  residuum  of  burnt  products,  pass 
from  the  cylinder  into  the  slide  valve,  and  just  before  the  edges  of  the 
passage  are  brought  opposite  the  firing  chamber,  a  small  hole  opens 
commuoication  with  the  outer  air.  The  fresh  mixture  ia  at  so  high  a 
pressure  that  all  the  burnt  gases  are  instantly  discharged  through  this 
opening,  and  the  new  charge  ia  ready  to  be  exploded. 

Fig.  66  gives  a  side  elevation.  Fig.  67  a  back  view,  and  Fig.  68  a 
sectional  plan  of  the  Simplex  engine.  It  has  a  single  horizontal  cylinder 
open  at  one  end,  working  direct  through  a  connecting-rod  on  to  the  crank, 
and  a  counter  shaft  driving  the  admission,  distribution,  ignition,  and 
exhaust  by  worm  gearing  from  the  crank  shaft.    A  is  the  motor  cylinder. 
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P  the  piston,  C  tiie  connecting-rod,  and  K  the  crank  shaft.  E  and  F  are 
the  wheels  actuating  the  aide  shaft  B,  which  makes  one  revolution  for 
every  two  of  the  crank  shaft.    B  is  the  base  plate,  M  the  mixing  chamber 


for  the  gas  and  air  at  the  back  of  the  cylinder,  S  the  horizontal  slide 
valve  driven  by  the  side  shaft  B ;  V  and  V  are^the  flywheela.r^nd  U 
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and  U'  the  pulleys.     The  cylinder  is  cooled  by  a  water  jacket ;  tiie 
water  enters  at  t,  and  is  discharged  at  t'.  Fig.  66.     e  is  the  exhaust 


opening  at  tlie  bottom  of  the  cylinder,  communicating  with  it  through 
the  valve  8'.     The  air  enters  at  H,  the  gas  at  ff,  through  a  pipe  at  right 
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angles  to  it.  Both  pass  into  the  distributing  chamber  M,  and  from 
thence  through  slide  valve  S  into  the  small  chamber  B'  in  the  rear  of 
the  cylinder,  where  they  are  compressed  by  the  back  stroke  of  the  piston. 
In  an  engine  of  6*7  B.H.P.  tested  with  town  gas  by  Professor  Witz,  the 
volume  of  the  compression  space  was  32*4  per  cent,  of  the  total  cylinder 
volume ;  with  power  gas  it  is  only  25*6  per  cent. 

The  side  shaft  terminates  in  a  small  crank  k  working  the  slide  valve, 
and  moving  it  once  to  and  fro  for  every  two  revolutions  of  the  crank 
shaft.  The  discharge  pipe  for  the  exhaust  gases  is  seen  at  Fig.  66.  The 
exhaust  pipe  e  is  closed  by  the  valve  Sj,  held  upon  its  seat  by  the  spring 
j.  At  a  given  moment,  a  little  before  the  end  of  the  stroke,  to  avoid  back 
pressure  on  the  piston,  a  cam  upon  the  side  shaft  R  presses  down  one  end 
of  the  lever  L,  the  other  end  rises,  releases  the  valve  Sj  from  the  spring  j, 
and  pushes  it  up,  and  the  exhaust  gases  pass  out  through  e. 

Fig.  69  shows  a  sectional  plan  of  the  organs  of  admission,  distribution, 
ignition,  and  the  air  governor,  all  at  the  back  of  the  cylinder.  S  is  the 
slide  valve,  k  the  small  crank  on  the  counter  shaft  working  it,  and  M  the 
distribution  chamber,  with  three  openings,  for  the  air  at  H,  the  gas  ad- 
mission at  ffy  the  valve  of  which  is  controlled  by  the  air  governor  G ;  the 
third  is  the  cylinder  admission  port,  as  shown  by  the  arrows.  At  I  is  the 
ignition  chamber,  into  which  the  ends  of  two  electric  wires  surrounded 
by  porcelain  insulators  are  introduced,  and  a  continuous  stream  of  sparks 
plays  between  them.  The  slide  valve  has  two  openings,  a  rectangular 
passage  e,  in  line  with  the  cylinder  port  and  distribution  chamber,  and  an 
oblique  opening  /,  which,  as  the  slide  moves  to  the  right,  brings  the 
lighting  chamber  I  into  communication  with  the  cylinder  through  the 
same  port. 

To  regulate  the  speed,  a  sensitive  air-barrel  governor  is  used  in  some 
engines.  If  the  speed  be  too  great,  the  governor  wholly  cuts  off  the 
supply  of  gas,  and  admits  air  only  for  one  or  more  revolutions.  The 
slide  valve  S,  Fig.  69,  carries  a  small  horizontal  cylinder  c,  cast  with  it  in 
one  piece.  The  piston  and  rod  of  this  cylinder  are  fixed  to  the  slide 
cover,  and  the  cylinder  slides  to  and  fro  over  them  with  the  movement  of 
the  slide  valve.  At  the  opposite  end  of  the  cylinder  c  is  a  small  opening 
k'y  through  which  air  is  admitted  and  driven  out  by  the  piston  at  each 
forward  movement  of  the  slide,  the  quantity  being  regulated  by  a  micro- 
meter screw.  At  right  angles  to  the  cylinder  c  and  the  slide  valve  is  a 
second  smaller  cylinder  n,  the  piston-rod  of  which  ends  in  a  knife  edge  o 
fitting  into  the  rod  opening  the  gas  valve.  If  the  speed  is  normal,  a 
cylinder-full  of  air  is  taken  into  and  expelled  from  cylinder  c  at  each  to 
and  fro  movement  of  the  slide  valve,  the  piston  of  cylinder  n  does  not 
move,  and  the  knife  edge  o  pushes  the  gas  valve  open.  But  if  the  speed 
be  too  great,  more  air  is  admitted  into  cylinder  c  than  can  be  driven  out 
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during  one  revolution,  the  pressure  acting  upon  the  piston  in  n  drives  it 
down,  the  knife  0  misses  the  edge  of  the  gas  valve-rod,  and  no  gas  is 
admitted. 

In  other  engines  a  pendulum  governor  was  foimerly  used,  constructed 
on  the  principle  of  two  pendulum  weights,  a  lighter  and  a  heavier,  swing- 
ing on  a  fixed  pivot  at  either  end  of  a  rod  (see  Fig.  67).  The  variation  in 
the  speed  was  obtained  by  a  weighted  knife-blade  acting  upon  the  gas 
valve.  The  lower  heavier  weight  carried  a  notch,  which  at  normal  speed 
engaged  with  the  knife-blade,  and  the  gas  valve  was  opened.  If  the 
speed  of  the  engine  was  too  great,  the  knife-blade  was  carried  forward  too 
soon,  missed  the  notch,  and  the  gas  valve  remained  closed.  A  simple 
method  of  starting,  by  introducing  the  explosive  mixture  during  the 
third  or  compression,  instead  of  during  the  admission  stroke,  was 
patented  by  M.  Delamare.  The  piston  was  stopped  at  the  end  of  com- 
pression, and  the  compressed  gases  allowed  to  escape.  The  flywheel  was 
then  turned  by  hand,  until  the  piston  had  moved  through  three-quarters 
of  the  stroke,  and  gas  and  air  were  admitted  through  a  three-way  cock  to 
the  cylinder.  The  movement  of  the  flywheel  was  next  reversed,  the  re- 
turning piston  slightly  compressed  the  charge,  the  electric  current  was 
switched  on,  and  the  engine  fairly  started. 

The  single  cylinder  100  H.P.  Simplex  engine  attracted  much  attention 
at  the  Paris  Exhibition  of  1889.  The  diameter  of  the  cylinder  was  23 
inches,  length  of  stroke  3  feet  2  inches,  mean  speed  100  revolutions  per 
minute,  and  the  initial  pressure  of  the  gases  G  atmospheres.  For  further 
particulars  see  Table  of  Trials. 

The  Lencauchez  system  of  power  gas  has  been  adopted  for  driving 
larger  engines,  and  several  important  plants,  combining  the  Lencauchez 
generator  and  the  Simplex  engine,  have  been  erected.  One  of  these  at 
the  Pantin  Flour  Mills,  near  Paris,  worked  well  for  several  years  with 
gas  supplied  by  two  Le9cauchez  generators.  During  a  long  run  test  the 
indicated  H.P.  was  about  280,  brake  power  220  H.P.,  mechanical 
efficiency  78  per  cent.  The  consumption  of  non-bituminous  Anzin  coal 
(French)  was  0-80  lb.  per  I.H.P.,  and  10  lb.  per  B.H.P.  hour.  The 
heating  value  of  the  gas  was  152  B.T.U.  per  cubic  foot. 

Another  plant  at  Aubervillier.s,  near  Paris,  consists  of  three  Simplex 
80  H.P.  gas  engines  working  a  set  of  dynamos,  which  transmit  power 
electrically  to  the  different  machines  of  some  large  chemical  works.  In  a 
test  made  in  1894  tlie  consumption  was  1*4  lbs.  of  coal  per  B.H.P.,  and 
I'l  lbs.  per  I.H.P.  hour.  At  Etrepagny,  in  Eure  (France),  the  town  is 
lighted  electrically  by  a  62  B.H.P.  Simplex  engine  driven  by  Lencauchez 
gas.  During  a  trial  the  consumption  of  French  coal  in  the  generator  was 
1-3  lbs.  per  B.H.P.  hour.  The  water  supplied  to  the  town  of  Laval  is 
also  raised  by  pumps  driven  by  an  80  H.P.  Simplex  engine  worked  with 
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generator  gas.  Most  of  the  tests  on  these  motors  will  be  found  in  the 
Tables.  Professor  Witz's  experiment  on  the  100  H.P.  engine  at  the  Paris 
Exhibition  was  one  of  the  best.  Fig.  70  shows  an  indicator  diagram 
taken  daring  the  trial. 

A  new  impetus  has  been  given  to  the  construction  of  the  Simplex 
engine  by  the  application  of  blast-furnace  gases  to  drive  it,  at  the  large 
works  of  the  Soci4t4  Cockerill,  at  Seraing,  in  Belgium.  The  importance 
of  the  new  industry,  in  which  this  distinguished  firm  have  been  pioneers, 
is  shown  in  Chapter  xii.  They  are  now  the  makers  of  the  Simplex,  and 
to  work  it  under  these  new  conditions  they  have  introduced  various 
modifications.  The  engine  has  for  some  time  been  known  as  the 
" Delamare-Cockerill,"  or  more  briefly  the  "Cockerill."  It  has  been 
adapted  for  very  large  powers,  the  shape  of  the  cylinder  head  being,  it  is 
said,  peculiarly  well  suited  for  use  with  producer  and  blast-furnace  gases, 
which  contain  a  certain  quantity  of  dust.  The  method  of  electric  ignition 
has  been  retained,  and  a  "  Bosch  "  electric  apparatus  is  sometimes  used. 
The  valves  are  placed  as  far  as  possible  from  the  cylinder,  where  the 
highest  temperatures  are  developed,  and  the  exhaust  valve,  the  piston  and 
piston-rod,  as  well  as  the  cylinder  and  cover,  are  water  jacketed.     The 
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quantity  of  cooling  water  is  said  to  be  rather  more  than  in  other  single- 
acting  engines,  to  counteract  the  greater  heat  developed  in  the  large 
cylinder.  It  varies  from  13  gallons  per  H.P.  hour  in  single-acting  to  11 
gallons  in  the  double-acting  engines,  and  the  temperature  of  the  water  is 
raised  from  60"  F.  to  120°  F.  A  pressure  of  about  14  to  20  lbs.  per 
square  inch  is  required  for  the  water  to  the  valves  and  cylinder  jacket, 
and  of  55  to  70  lbs.  for  that  to  the  piston  and  rod.  The  quantity  of 
lubricating  oil  is  from  1 J  to  2  grammes  per  H.P.  hour. 

As  soon  as  the  engine  was  applied  to  large  powers,  a  change  in  the 
method  of  governing  became  necessary.  The  200  and  600  H.P.  single- 
cylinder  engines,  mentioned  at  pp.  255,  256,  are  both  governed  on  the 
original  "  hit^nd-miss  "  principle  by  an  air  barrel  governor,  as  described 
above.  But  when  compression  in  motors  driven  with  blast-furnace  gases 
was  increased  to  a  maximum  of  185  lbs.  per  square  inch  (13  atmospheres), 
this  system  was  no  longer  applicable  to  single-cylinder  engines,  because 
of  the  great  variations  in  the  speed.  The  Cockerill  firm,  therefore,  while 
retaining  the  air  governor,  decided  to  govern  by  varying  the  volume 
of  the  charge,  its  composition  remaining  constant.  Air  and  gas  are 
admitted  into  the  combustion  chamber  through  a  vertical  double-seated 


THE  COCKERILL  ENGINE.  1 37 

valve,  which  is  lifted  for  a  shorter  or  longer  time  during  the  admission 
stroke,  according  to  the  load,  and  *'  variable  admission  "  is  thus  obtained. 
The  side  shaft  works  a  second  shaft  driving  the  governor,  which  consists  of 
a  small  cylinder  in  which  two  vertical  pistons  move  in  opposite  directions. 
The  lower  is  connected  to  the  engine,  and  rises  more  or  less  according 
to  the  speed.     The  air  between  it  and  the  upper  piston  can  only  escape 
through  an  orifice  of  given  size.     If  therefore  the  speed  is  increased,  the 
pressure  of  the  air  drives  up  the  upper  piston,  and  a  catch  connected  to 
the  admission  valve  is  released,  by  means  of  a  series  of  levers  and  rollers. 
The  valve  is  closed  earlier  in  the  suction  stroke,  and  a  smaller  portion 
of  the  charge  thus  enters  the  cylinder.     This  method  is  suited  to  single- 
cylinder,  or  side-by-side  engines,  but  not  for  tandem  engines,  of  which 
the  Cockerill  firm  now  build  many.     In  the  latest  types  a  rotary  ball 
governor  is  used,  and  the  admission,  air,  and  gas  valves  are  all  placed  one 
above  the  other  at  the  top  of  the  cylinder.     The  admission  valve,  carry- 
ing the  air  valve  with  it,  is  worked  by  levers  and  a  cam  on  the  auxiliary 
shaft,  and  closed  by  a  spring ;  the  gas  valve  immediately  above  it  is 
driven  by  a  separate  lever.     A  catch  worked  from  the  cam  shaft  holds 
the  gas  valve  lever  stationary,  while  the  admission  and  air  valves  descend. 
At  a  given  moment  of  the  stroke,  the  governor  releases  the  catch,  and 
gas  enters  the  mixing  chamber.     Thus  if  the  speed  be  too  great,  air  alone 
is  first  admitted  and   less   gas  afterwards,  but  as   it  enters  near   the 
ignition   port  the  charge  will  always  ignite,  to   whatever  extent  the 
governor  may  diminish  the  quantity  of  gas  per  stroke.     Some  of  the 
large  Cockerill  engines  are  now  started  by  compressed  air,  but  in  general 
this  firm  prefer  to  use  a  small  benzine  *'  Longuemare  "  carburator  for  the 
purpose.     The  flywheel  is  turned  by  an  electric  motor,  and  the  explosion 
is  produced  by  admitting  carburetted  air  behind  the  piston. 

The  Seraing  firm  are  almost  alone  among  builders  of  large  gas  engines 
in  retaining  the  single-cylinder  type  for  powers  up  to  600  H.P.,  and  they 
have  constructed  one  engine  single-acting,  developing  above  700  H.P.  in 
a  single  cylinder.  In  view  of  the  large  powers  now  and  probably  in  the 
future  required  for  gas  engines,  they  maintain  that  if,  as  in  Deutz  engines, 
the  power  in  ©Bich  cylinder  is  limited  to  250  H.P.,  the  number  of  cylinders, 
in  engines  developing  2,600  H.P.  and  upwards,  will  be  inconveniently 
increased.  Where  great  regularity  in  running  is  not  required,  as  in 
blowing  engines,  they  advocate  the  use  of  one  cylinder,  but  two  or  more 
cylinders,  giving  at  least  one  impulse  per  revolution,  are  desirable  for 
driving  dynamos.  Like  most  of  the  chief  firms  they  have  brought  out 
a  double-acting  type,  in  which  the  four-cycle  is  carried  out  on  either 
face  of  the  piston,  in  a  cylinder  closed  at  both  ends.  By  this  means  the 
power  developed  in  each  cylinder  is  doubled,  but  as  the  two  motor 
impulses  succeed  each  other  iduring   one  revolution,  the  engine  doing 
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only  negative  work  during  the  next,  perfect  regularity  in  running  is  not 
obtained.   This  is  a  defect  inherent  in  all  double-acting  four-cycle  engines. 

The  Cockerill  firm  make  single-cylinder  engines,  as  described ;  engines 
with  two  cylinders,  either  side  by  side  or  tandem,  up  to  1,250  H.P.,  and 
a  double  tandem  type  with  four  cylinders  and  two  motor  impulses  per 
revolution.  These  arrangements  are  duplicated  in  the  double-cK^ting  type, 
developing  powers  up  to  5,000  and  6,000  H.P.  As  a  rule,  the  Cockerill 
engines  require  from  10,300  to  11,000  B.T.U.  per  B.H.P.  hour.  The 
consumption,  therefore,  with  blast-furnace  gases  having  a  heating  value  of 
100  B.T.U.  per  cubic  foot  would  be  about  103  to  110  cubic  feet,  and 
about  70  cubic  feet  of  producer  gas  of  156  to  168. B.T.U.  per  cubic  foot. 

The  manufacture  of  the  Cockerill  engines  has  now  been  acquired  for 
England  by  Messrs.  Richardson  &  Westgarth,  of  Middlesbrough,  who 
make  them  of  the  type  already  described,  governing  by  variation  in  the 
volume  of  gas  admitted,  with  constant  compression.  They  have  con- 
structed a  plant,  shown  at  Fig.  71,  to  work  with  coke-oven  gases,  the 
largest  installation  of  its  kind  at  present  in  England ;  and  have  supplied 
an  800  H.P.  single-cylinder  engine  to  drive  the  blowing  engines  at  Sir 
A.  Hickman's  Works,  Bilston.  They  claim  to  be  builders  of  the  largest 
gas  engines  in  England,  and  have  in  hand  or  already  constructed  twelve 
single-cylinder  engines  of  powers  varying  from  250  to  800  H.P.,  and 
three  tandem  double-acting,  developing  500  and  750  H.P. 

The  Cockerill  engines  are  made  in  France  by  the  Creusot  firm;  in 
Austria  by  Breitfeld  <fe  D4nek,  of  Prague ;  and  in  Germany  by  the 
Markische  Maschinen-Bau  Anstalt,  Wetter.  The  Seraing  and  affiliated 
firms  have  already  built  126  engines,  with  an  aggregate  of  nearly  100,000 
H.P.,  the  bulk  of  which  are  worked  with  blast-furnace  gases.  Fig.  72 
gives  a  view  of  the  Central  Electric  Station  at  Seraing,  consisting  of 
three  Cockerill  engines,  all  driven  with  blast-furnace  gases.  In  the  fore- 
ground is  a  tandem  double-acting  1,500  H.P.  engine,  with  3  feet  3  inches 
cylinder  diameter,  and  3  feet  7  inches  stroke ;  speed,  100  revolutions  per 
minute.  Behind  are  two  single-acting  tandem  engines,  developing  700 
H.P.  Diameter  of  cylinders,  3  feet ;  stroke,  3  feet  3  inches ;  number  of 
revolutions,  135.     These  engines  were  started  in  February,  1904. 

Seoond  Lenoir. — Since  the  introduction  of  his  first  motor  in  1860, 
Lenoir,  the  pioneer  of  gas  engines,  had  been  incessantly  working  to 
perfect  his  invention  and  to  remedy  its  defects,  especially  the  large 
consumption  of  gas.  Sixteen  yeari3  later,  in  1876,  a  new  direction  was 
given  to  the  efforts  of  mechanical  engineers  by  the  appearance  of  the 
Otto,  and  Lenoir,  abandoning  the  lines  on  which  he  had  formerly  worked, 
introduced,  in  1883,  an  engine  in  which  the  Beau  de  Rochas  cycle  was 
closely  followed.  This  engine  has  one  motor  impulse  in  four.  The 
charge  is  fired  electrically,  and  the  piston  moves  out  so  little  during 
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explosion,  that  ignition  practically  takes  place  at  constant  volume.     The 
cylinder  is  divided  into  two  parts,  the  water-jacketed  motor  cylinder,  in 
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which  the  piston  works,  and  the  compression  chamber,  which  is  cooled 
only  by  air  in  contact  with  radiating  cast-iron  ribs.     The  incoming  gases. 
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as  they  pass  through  this  chamber,  are  heated  prior  to  ignition,  their 
pressure  is  thus  increased,  and  although  a  poor  and  greatly  diluted 
mixture  is  used  they  ignite  easily.  The  motor  is  not  made  in  large  sizes. 
Fig.  73  gives  a  sectional  plan  of  the  engine.  A  is  the  motor  cylinder, 
with  piston  P,  B  the  compression  chamber  surrounded  by  external 
ribs,  E  is  the  opening  for  the  exhaust  at  the  further  end  of  the  com- 
pression chamber,  D  the  valve  chest  at  the  side  of  the  cylinder,  containing 
chambers  for  the  admission,  mixing,  and  ignition  of  the  charge.  A  por- 
tion of  the  piston-rod  is  seen  at  jd,  working  through  the  connecting-rod 
and  a  strong  cylindrical  guide  ^  on  to  the  crank  shaft  K.  The  various 
organs  are  worked  by  a  counter  shaft  R,  driven  from  the  main  shaft  by 
two  spur  wheels  e  and  /,  in  the  proportion  of  2  to  1.  Upon  it  are  two 
cams  t'  and  t",  and  a  projection  t\  The  exhaust  E  is  opened  by  the  lever 
N  and  the  rod  O  from  the  cam  t".  The  valve  chest  D  is  divided  into  J 
the  admission,  and  I  the  mixing  and  ignition  chambers,  with  valve  H 
between  them.    The  air  enters  from  below  at  wi,  and  the  gas  from  above  ; 

the  governor  acts  upon  the  gas  admission 
pipe.  The  cam  t'  admits  the  gas,  and  the 
charge  passes  through  the  channel  ^  into 
the  cylinder,  and  is  fired  electrically  at  h. 
Contact  is  established  or  interrupted  by 

the  projection  v  on  the  counter  shaft  K, 

Fig.  74.— Second  Lenoir  Engine —         !_•  i_      t  •  x   •      xi.  i 

*       ,   ,.  ^.  ^  which  at  a  ffiven   moment  in  the   cycle 

Indicator  Diagram.  .  ®  ^i_       .       ..         j 

of  the  engine  closes  the  circuit,  and  pro- 
duces the  spark.  The  passage  y  is  always  open  to  the  cylinder,  but  the 
charge  cannot  ignite  until  the  maximum  pressure  is  reached.  For 
starting,  the  valve  shaft  carries  a  second  smaller  cam,  opening  the 
exhaust  valve  during  the  compression  stroke. 

M.  Tresca,  who  had  been  the  first  to  experiment  upon  the  original 
Lenoir  motor^  made  trials  upon  the  modern  engine,  in  which  the  con- 
sumption was  24  cubic  feet  of  gas  per  I.H.P.  per  hour.  The  indicator 
diagram  is  shown  at  Fig.  74.  In  a  16  H.P.  engine  the  consumption  of 
Paris  gas  per  B.H.P.  per  hour  was  a  little  over  21  cubic  feet. 

Charon. — This  engine  was  patented  in  1888,  and  shown  in  the 
French  section  of  the  Paris  Exhibition  in  1889.  It  is  a  horizontal 
four-cycle  motor,  resembling  the  Otto  in  outward  appearance  and 
mechanical  details,  with  lift  valves  and  electric  ignition.  To  obtain 
greater  expansion  in  proportion  to  admission  and  compression  of  the 
charge,  a  novel  feature  has  been  introduced  in  the  construction  of  this 
engine.  The  student  will  already  be  familiar  with  various  devices  of 
this  kind,  but  the  method  employed  by  M.  Charon,  although  complicated, 
is  original  and  ingenious,  and  gives  a  real  economy  in  the  consumption 
of  gas. 
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The  engine  has  two  valves,  one  to  admit  gas  alone,  the  other  for  the 
admission  of  the  charge  of  gas  and  air  to  the  cylinder.  In  the  latter 
valve  the  air  enters  centrally  from  below,  and  the  gas  circumferentially 
through  a  number  of  small  holes  immediately  below  the  valve  seat. 
When  the  piston  has  reached  the  end  of  the  first  out  stroke,  with  the 
full  charge  of  gas  and  air  behind  it,  the  gas  valve  closes,  but  the  ad- 
mission valve  remains  open  during  the  first  part  of  the  return  stroke. 
This  valve  communicates  through  a  pipe  with  a  spiral  coil  in  a  cylindrical 
chamber  shown  to  the  left  in  the  drawing,  Fig.  75.  At  the  top  of  the 
latter  the  air  enters,  and   is  drawn   through   the  spiral  coil  before  it 
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passes  to  the  admission  valve.  As  this  valve  does  not  close  at  once,  a 
portion  of  the  gases,  instead  of  being  compressed  in  the  cylinder,  passes 
into^the  spiral  passage,  driving  out  the  air  in  the  latter.  The  valve  then 
closes,  and  during  the  remainder  of  the  stroke  the  charge  Is  compressed 
by^the  piston  in  the  usual  way,  ignited,  expanded,  and  discharged. 
When  the  cycle  recommences,  the  admission  valve  again  opens  as  well 
OS  the  gas  valve,  and  part  of  the  gases  stored  up  from  the  previous 
charge  are  first  drawn  in,  then  air  from  the  atmosphere  through  the 
chamber.     The  next  compression  stroke  refills  the  spiral  coil. 

The  usual  operations  are  efTected  by  lift  valves  worked  by  cams  on  a 
side  shaft.  There  ai-e  four  cams,  actuating  respectively  the  gas  valve,  the 
valve  admitting  the  charge  to  the  cylinder,  the  ignition  and  exhaust 
The  electric  wires  are  carried  into  a  small  chamber  at  the  back  of  the 
cylinder,  immediately  above  the  admission  valve.  Contact  is  interrupt«d 
by  a  lever  moved  by  a  cam  on  the  side  shaft,  and  the  spark  is  produced 
just  before  the  crank  reaches  the  inner  dead  point.     Great  care  is  taken 
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in  this  engine  to  determine  the  precise  moment  of  ignition.  The  speed  is 
ingeniously  regulated  in  the  following  way : — The  ball  governor  acts  not 
only  on  the  gas  cam,  but  upon  the  cam  opening  the  admission.  Both 
cams  are  slightly  conical.  If  the  normal  speed  is  exceeded,  the  governor 
alters  the  position  of  the  cones  horizontally  on  the  aide  shaft,  the  effect 
being  that  the  gas  valve  is  opened  for  a  shorter,  the  admission  valve  for  & 
longer,  period.  The  greater  the  excess  of  speed,  the  longer  the  latter  is 
kept  open.  More  of  the  gas  and  air  pass  into  the  spiral  coil,  less  are  re- 
tained to  be  compressed  in  the  cylinder,  and  the  charge  will  be  poorer  in 
quality  and  less  in  quantity,  until  the  speed  is  reduced  within  normal 
limits.  In  this  way  the  strength  of  the  explosion,  the  expansion  of  the 
charge,  and  the  compression  are  varied  by  the  governor,  in  acconlaace 
with  the  work  done,  but  no  ignitions  are  missed.  The  exhaust  is  similar 
to  that  of  the  Otto  engine. 

The  difficult  problem  of  varying  the  compression  and  expansion  of  the 
charge  seems  in  this  engine  to  have  been  ingeniously  treated,  and  the 
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ing mechanical  efficieucicB  acoonling  ing  conaumption  of  gas  according  to 

to  power,  on  same  engine.  power,  on  same  engine. 

makers  claim  a  considerable  economy  of  gas.  A  trial  by  Witz  in  1895  on 
a  60  B.H.P.  engine  showed  a  consumption  per  hour  per  B.H.P.  of  16 
cubic  feet  of  lighting  gas,  having  a  heating  value  of  588  B.T.TJ.  per  cubic 
foot  For  details  see  Table.  In  a  60  H.P.  engine  officially  tested  at 
Bordeaux  in  1897,  the  consumption  was  the  same.  M.  Bateau  made  a 
trial  on  a  JO  B.H.P.  engine  at  St.  ^^tienne,  in  which  16-6  cubic  feet  of  gas 
were  used  per  B.H.P,  hour.  A  series  of  trials  upon  a  50  H.P.  Charon 
engine  were  also  carried  out  by  MM.  Cuinat  and  Allaire  in  1894.  The 
engine  had  two  cylinders,  each  13-7  inches  diameter,  and  23-6  inches 
stroke,  and  ran  at  150  revolutions  per  minute.  The  novelty  of  these  ex- 
periments vrcm  that  fifteen  .separate  trials  were  made  at  powers  rising  by 
degrees  from  16J^  B.H.P.  up  to  a  maximum  of  53  B.H.P,  and  for  each 
power  a  corresponding  indicator  diagram   was  taken.     These  s 
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diagrams  showed  that  when  the  engine  was  worked  at  a  power  much  below 
normal,  the  explosion  line  was  almost  horizontal ;  in  other  words,  com- 
bustion of  the  charge  took  place.  As  the  weight  on  the  t)rake  increased, 
the  line  rose  until  at  the  maximum  power  it  became  vertical,  proving 
that  explosion  was  almost  at  constant  volume.  The  sixteen  indicator 
diagrams  are  given  in  the  original  report.  The  following  diagram,  Fig. 
76,  shows  the  varying  mechanical  efficiencies,  according  to  the  power  on 
the  engine.  It  will  be  seen  that  the  efficiencies  rise  in  a  regular  curve 
in  accordance  with  the  work  done.  With  J  6^  B.H.P.  developed  on  the 
brake,  the  mechanical  efficiency  was  52  per  cent.,  and  rose  to  91  per  cent, 
at  53  B.H.P.  The  next  diagram,  Fig.  77,  gives  the  curve  of  varying 
consumption  of  gas,  according  to  the  B.H.P.  upon  the  engine.  At  16^ 
B.H.P.  this  consumption  was  38  cubic  feet  per  B.H.P.  hour,  at  24^ 
B.H.P.  it  was  26^  cubic  feet,  and  at  53  B.H.P.  it  was  17  cubic  feet  per 
B.H.P.  hour,  being  2}  times  higher  with  the  minimum  than  with  the 
maximum  power  developed  on  the  brake. 

An  interesting  application  of  these  engines  to  electric  lighting  has  been 
made  at  the  National  Printing  Office  in  Paris  by  the  Society  des  Indus- 
tries ^^Iconomiques,  the  makers  of  the  Charon.  Till  within  the  last  few 
years  this  large  establishment,  with  a  staff  of  1,800  workmen,  was 
lighted  by  gas.  The  building  is  old,  but  electric  light,  though  urgently 
needed,  could  not  be  installed,  it  was  said,  on  account  of  the  expense. 
Some  years  ago  the  Soci^t^  des  Industries  Economiques  undertook  at 
their  own  cost  to  set  up  a  complete  plant  of  engines  driving  dynamos. 
They  agreed  to  supply  electric  light  throughout  the  printing  office  for 
thirteen  years  at  a  lower  cost  than  was  formerly  paid  for  gas,  and  at  the 
end  of  that  time  the  whole  installation  is  to  become  the  property  of  the 
Government.  The  plant  comprises  four  Charon  engines  of  45  H.P.,  and 
four  dynamos,  supplying  2,500  electric  lamps  at  present,  but  the  number 
can  be  increased  to  3,000  for  the  same  power.  The  dynamos  are  driven 
by  straps  from  the  engines,  which  are  worked  by  town  gas,  and  run  always 
at  full  load.  The  price  now  paid  foi*  lighting  is  the  same  as  formerly,  with 
double  the  light,  and  the  Soci^t^  will  be  able  to  cover  their  original  outlay 
and  make  a  good  profit  before  the  expiration  of  their  term.  A  complete 
account  of  this  development,  with  drawings,  will  be  found  in  Witz, 
vol.  iii.,  p.  435. 

The  Charon  engine  is  made  horizontal,  single  cylinder,  from  1  to  100 
H.P.,  and  with  two  cylinders  side  by  side  from  25  to  200  H.P.,  and  runs 
at  270  to  150  revolutions  per  minute.  A  small  vertical  single-cylinder 
type  has  been  introduced,  in  sizes  from  1^  to  4  H.P.,  running  at  270  to 
240  revolutions  per  minute.  About  1,500  of  these  engines  have  been 
made  in  France  in  nine  years. 

The  Tenting  is  a  horizontal,  single  cylinder,  single-acting  engine, 

10 
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using  the  Beau  de  Rochas  cycle.  It  presents  no  remarkable  features,  but 
is  simple  in  construction,  and  has  been  adapted  for  propelling  carriages. 
The  various  types  of  the  Bavel  engine  are  now  no  longer  made.  M. 
Ravel  introduced  a  new  type  in  1888,  drawings  of  which  will  be  found 
in  Witz  and  Chauveau,  but  its  construction  has  now  been  given  up.  A 
few  Forest  engines  are  worked  with  gas,  but  they  are  now  mostly  driven 
with  oil,  for  motor  cars  and  marine  work.  One  was  exhibited  at  Paris  in 
1889.* 

Niel. — The  Niel,  which  first  appeared  at  the  Paris  Exhibition  of  1889, 
is  a  horizontal  engine  of  the  Otto  type,  with  several  ingenious  modifica- 
tions. The  exhaust  is  a  vertical  lift  valve  ;  the  admission  gear  is  worke<l 
from  a  side  shaft  geared  to  the  main  shaft  by  worm  wheels.  In  the 
original  type  this  valve  shaft  actuated  a  conical  revolving  valve,  with  two 
apertures  for  the  admission  and  ignition  of  the  charge.  Air  was  admitted 
from  a  reservoir,  or  through  the  base  of  the  engine.  By  the  rotary  motion 
of  the  valve  the  charge  was  drawn  into  the  cylinder  through  one  of  the 
ports,  and  to  diminish  the  shock  admission  lasted  only  during  two-thirds 
of  the  stroke,  the  charge  expanding  slightly  during  the  last  third.  This 
is  shown  in  the  indicator  diagram.  Fig.  79,  where  the  initial  pressure  of 
the  gas  and  air  falls  slightly  below  that  of  the  atmosphere.  At  the  end 
of  the  return  stroke  the  conical  valve  opened  communication  through  the 
other  port  with  the  hot  ignition  tube.  A  thin  metallic  diaphragm  in  this 
conical  valve,  acted  upon  by  the  pressure  of  the  gas  in  the  cylinder,  pre- 
vented leakage  while  the  charge  was  fired.  The  oscillating  governor 
consisted  of  a  T-shaped,  three-armed  lever,  driven  from  an  eccentric  on 
the  crank  shaft.  If  the  speed  became  too  great,  the  arm  opening  the  gas 
valve  was  displaced,  and  no  gas  admitted.  The  engine  was  started  by 
compressing  a  charge  of  gas  and  air  by  hand  into  a  reservoir.  Communi- 
cation was  then  opened  with  the  motor  cylinder,  and  the  products  of 
combustion  in  the  latter  were  expelled  by  the  fresh  compressed  mixture. 
Drawings  of  this  engine,  and  a  description  by  M.  Moreau,  will  be  found 
in  the  Comptes  Rendus  de  la  Societe  des  Ingenieura  CivUsy  October,  1891. 

A  new  type  of  the  Niel  engine  has  lately  been  brought  out,  in  which 
compression  pressures  of  140  to  170  lbs.  per  square  inch  are  realised. 
As  seen  at  Fig  78,  the  exhaust  valve  is  below  the  cylinder,  and  driven 
from  a  cam  on  the  side  shaft.  The  cooling  water  is  admitted  at  the 
bottom,  close  to  the  exhaust  valve  and  combustion  chamber,  where  tlie 
temperature  is  highest  and  circulates  first  round  the  valve,  being  dis- 
charged at  the  top.  The  exhaust  opens  when  the  crank  is  50**  behind 
the  dead  point,  the  temperature  in  the  front  part  of  the  cylinder  is  there- 
fore not  so  high  as  at  the  back,  and  the  water  jacket  is  here  made  smaller. 
The  governor  acts  on  the  gas  and  admission  valves,  and  through  them  on 

•  For  descriptions  see  the  earlier  editions  of  this  book. 
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the  air  supply,  but  the  "hit-and-miss"  principle  has  been  abandoned. 
As  in  other  modem  motors,  these  valves  are  arranged  vertically,  one 
above  the  other,  at  the  top  of  the  cylinder.     The  section  of  the  gas  valve 


is  varied  according  to  the  calorific  value  of  the  gas  used,  and  by  adjust- 
ing the  opening  of  the  valve  the  engine  can  be  run  with  any  kind  of 
explosive  gas.     The  air  enters  at  right  angles  to  the   gas,  through  a 
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narrow  opening  which  imparts  a  certain  speed  to  it,  and  thorough  mixing 
of  the  charge  is  said  to  be  obtained. 

The  stem  of  the  admission  valve  passes  through  the  hollow  stem  of 
the  gas  valve,  both  being  held  on  their  seat  by  a  spring,  and  worked 
through  two  levers  from  a  cam  on  the  valve  shaft.  The  action  of  the 
lower  lever,  opening  the  gas  valve,  does  not  vary ;  the  movement  of  the 
upper  is  regulated  by  the  governor.  Under  normal  conditions  the  gas 
and  admission  valves  open  together,  and  the  required  amount  of  air  is 
drawn  in  between  them.  At  the  top  of  the  valve  stem  is  a  small  "  dash- 
pot,"  consisting  of  an  air  cylinder  and  piston.  If  the  load  varies,  the 
governor  acts  by  obstructing  the  passage  of  air  to  the  dash-pot  cylinder, 
a  partial  vacuum  is  thus  formed  in  it,  the  piston  and  the  valve  stem 
cannot  act,  and  the  admission  valve  is  only  slightly  opened.  Less  of  the 
charge  passes  to  the  cylinder,  and  compression  is  diminished.  In  this 
way  the  speed  of  the  engine  and  number  of  impulses  are  maintained 
constant,  but  the  strength  of  the  impulse  per  stroke  is  reduced.     As,  how- 


Fig.  79. — Niel  Engine — Indicator  Diagram.     1891. 

ever,  the  opening  of  the  gas  valve  does  not  vary,  the  same  quantity  of 
gas  is  always  drawn  in,  but  a  smaller  quantity  of  air;  the  charge  is 
richer,  certain  ignition  is  obtained  at  all  loads,  and  the  engine  is  said 
to  run  with  great  regularity.  The  crank  and  connecting-rod  have  centri- 
fugal lubrication,  and  oil  under  pressure  is  sent  to  the  piston  and 
cylinder.  Ignition  is  by  a  magneto-electric  machine,  producing  sparks 
at  a  very  high  temperature,  and  the  moment  of  ignition  may  be  varied 
according  to  the  speed  and  quality  of  the  gas  used.  It  is  the  variation 
in  the  compression,  which  ranges  from  50  to  150  lbs.  per  square  inch, 
and  thus  the  degree  of  intensity  of  the  explosion,  which  forms  a  special 
feature  of  this  engine. 

Trials. — Experiments  upon  a  4  H.P.  Niel  engine  were  made  by  M. 
Moreau  in  1891.  Fig.  79  gives  an  indicator  diagram  taken  during  the 
trial.  At  a  speed  of  160  revolutions  per  minute,  with  a  maximum 
pressure  of  12  to  14  atmospheres,  the  mean  consumption  of  Paris  gas  was 
27*2  cubic  feet  per  hour  per  B.H.P.  The  mechanical  efficiency  was  75  to 
80  per  cent.  A  trial  made  by  MM.  Witz  and  Moreau  in  November,  1901, 
showed  a  consumption  of  15-3  cubic  feet  per  B.H.P.  hour  of  lighting  gas 
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of  634  B.T.U.  per  cubic  foot.     The  heat  efficiency  per  B.H.P.  was  25*5 
per  cent.     Particnlars  will  be  found  in  the  Tables.''*' 

The  Niel  has  proved  one  of  the  most  successful  of  French  motors. 
A  large  number  of  these  engines  are  now  at  work  in  France  and  else- 
where, and  130,  for  powers  of  from  ^  to  25  H.P.,  are  said  to  have 
been  sold  in  nine  months.  They  are  made  horizontal  only,  with  one 
or  two  cylinders,  in  sizes  from  1  to  200  B.H.P.-,  and  run  at  230  to  150 
revolutions  per  minute.  The  Compagnie  des  Moteurs  Niel,  at  Paris, 
have  lately  taken  up  the  generation  of  poor  gas  on  the  Taylor  system,  for 
driving  their  larger  motors.  The  gas  producer  is  made  in  France  by 
MM.  Fichet  and  Heurtey,  and  is  described  at  p.  223.  A  test  in  1896  on 
a  22  I.H.P.  engine  driven  with  this  gas  showed  a  consumption  of  1*7  lbs. 
coke  per  I.H.P.  hour.  Niel  engines  of  56  H.P.  are  also  worked  with 
Fichet  and  Heurtey  gas  at  £u  in  France.  At  the  Electrical  Station  at 
Kheims,  the  power  is  furnished  by  three  Niel  gas  engines,  two  of  80 
H.P.,  with  two  cylinders  side  by  side,  their  cranks  being  at  an  angle  of 
ISO** ;  the  third  is  of  85  H.P.  At  Calais,  the  electric  light  station  is 
provided  with  two  85  H.P.  Niel  engines,  each  with  two  cylinders  side  by 
side,  and  at  Cognac  and  at  Royan  there  are  similar  gas  plants. 

Ijetombe. — This  engine,  one  of  the  largest  and  most  important  of 
French  motors,  is  made  by  the  Compagnie  de  Fives-Lille,  at  Lille,  and  by 
the  Soci^te  des  Moteurs  Letombe,  at  Paris.  It  is  a  four-cycle,  single-  or 
double-acting  engine,  with  variable  compression  and  expansion.  The 
charge  is  fired  electrically,  and  the  exhaust  port  below  the  cylinder  is 
uncovered  by  the  piston  at  the  end  of  the  stroke,  and  worked  by  cams 
from  the  valve  shaft  in  the  usual  way.  The  novelty  of  the  engine  is  that 
the  volume  of  the  charge  admitted  is  independent  of  the  stroke,  and  the 
quantity  is  increased  by  the  action  of  the  governor  as  the  quality 
diminishes.  In  the  engine  as  at  first  made,  this  effect  was  produced  by 
slide  valves,  witii  ports  adjusted  to  vary  the  time  during  which  they 
established  communication  between  the  mixing  chamber  and  the  motor 
cylinder.  Drawings  of  this  type  are  given  by  Witz.  In  the  later  type 
the  same  result  is  obtained  by  means  of  two  vertical  valves ;  one,  the 
ordinary  admission  valve,  which  remains  open  during  the  whole  of  the 
first  forward  stroke,  while  the  other  valve,  which  is  connected  to  it  by  a 
chamber,  carries  the  gas  valve  immediately  above  it;  between  them  is 
the  passage  for  the  admission  of  air.  The  lift  of  this  double  valve 
depends  on  the  ball  governor  acting  on  a  finely  graduated  cam  on  the 
valve  shaft.     This  cam  is  made  with  two  sets  of  gradations;  one  set  acts 

*  A  novel  method  by  M.  Ringelmann  of  determining  and  representing  graphic- 
ally the  consumption  in  a  gas  engine,  as  a  function  of  the  power  developed,  with 
special  application  to  the  Niel  engine,  will  be  found  in  the  BtUletin  de  la  8oci6U  des 
Inginieura  Civils,  August,  1902. 
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on  the  odmisaion  of  gas,  the  other,  in  inverse  ratio,  on  the  quantity  of 
the  charge  paaaing  through  the  lower  valve  to  the  ordinary  admission 
valve,  and  so  to  the  cylinder.  As  the  governor  riaee,  the  cam  is  shifted, 
and  the  longer  the  step  brought  into  play  for  opening  the  lower  valve  and 
drawing  in  the  air,  the  shorter  is  that  acting  on  the  gas  valve.  In  the 
latest  engines  the  gas  and  air  valves  are  separated,  and  the  three  valves — 
for  gas,  air,  and  admission — are  placed  side  by  side,  and  worked  by 
separate  cams  on  the  valve  shaft  The  stepped  cam  for  admission  of  air 
is  acted  on  by  the  governor,  and,  according  to  the  greater  or  less  amount 
of  air  admitted  and  the  corresponding  vacuum  produced  in  the  admission 
chamber,  more  or  less  gas  is  drown  in. 


Fig.  HO. — Letombe  Gaa  Engine— Double  .acting. 

By  this  ingenious  arrangement  the  quantity  of  the  charge  enteriug 
the  cylinder  is  made  independent  of  the  amount  of  gas.  The  higher  the 
speed  of  the  engine,  the  less  gas  enters,  but  more  of  the  total  mixture  of 
gas  and  air ;  that  is,  the  quantity  of  air  is  increased  as  that  of  the  gas 
diminishes.  The  volume  of  the  mixture  being  thus  larger,  and  the 
compression  spoce  the  same,  its  compre.ssion  pressure  ia  increased  and 
ignition  is  always  obtained,  however  poor  the  charge.  In  other  words, 
instead  of  reducing  the  ai-ea  of  the  indicator  diagram  by  reducing  the 
height  of  the  pressure  of  explasion,  M.  Letorabe  diminishes  it  by 
lengthening  the  lines  of  admission  and  compression.  The  degree  of  tlie 
latter,  or  maximum  lbs.  on  the  compression  line  ("  super-compression  "), 
vaiies  with  the  amount  of  gas  and  air  to  be  compressed.  The  inventor 
claims  to  reduce  the  area  of  work  on  the  indicator  diagram  while  actually 
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increasing  the  thermal  efficiency.  If  the  load  is  greatly  reduced,  the 
supply  of  gas  is  wholly  cut  off,  the  energy  stored  up  in  the  flywheel 
sufficing  to  maintain  a  regular  speed  for  a  time. 

This  interesting  engine  was  from  the  first  made  double-  as  well  as 
single-acting.  Fig.  80  shows  the  50  H.P.  double-acting  engine  exhibited 
at  Brussels  in  1897,  where  it  attracted  much  attention.  Double-acting 
engines  are  sometimes  started  by  pumping  a  small  quantity  of  gas  by 
hand  into  one  side  of  the  cylinder,  while  an  explosive  charge  is  sent  into 
the  other.  The  electric  current  is  applied,  and  an  explosion  is  produced 
strong  enough  not  only  to  start  the  engine,  but  to  compress  the  charge  on 
the  other  face  and  to  throw  the  starting  gear  automatically  out  of  play. 
The  engine  is  also  so  arranged  that  it  stops  of  itself  at  the  right  point  in 
the  stroke.  Some  engines  are  started  by  compressed  air,  one  face  of  the 
piston  being  utilised  to  compress  the  air  into  a  reservoir.  One  admission 
of  air  is  said  to  be  sufficient  to  start  the  largest  engine.  Lubrication  is 
provided  by  oil  under  pressure  from  a  small  pump,  and  in  all  engines 
above  200  H.P.  the  pistons  are  cooled  by  water. 

The  double-acting  engine  led  to  the  adoption  of  the  latest,  or  "  Mono- 
triplex,"  type,  formed  by  substituting  for  the  long  guide  required  to  take 
the  double-acting  piston  a  second  single-acting  cylinder,  which  occupies 
no  more  space  than  the  guide,  and  serves  the  same  purpose  of  supporting 
the  piston.  By  the  addition  of  this  single-acting  to  the  double-acting 
cylinder,  M.  Letombe  obtains  three  motor  strokes  in  two  revolutions,  and 
claims  to  develop  50  per  cent,  more  power  without  any  increase  in  the 
space  occupied.  In  an  engine  developing  400  H.P.,  the  cylinder  diameter 
was  only  3 '28  feet.  A  further  advantage  is  that  the  engine  can,  by 
adjusting  the  cams,  be  worked  single-,  double-,  or  treble-acting.  Two 
double-acting  cylinders  may  also  be  conjoined  for  powers  from  500  to  1,500 
H.P.  The  engines  are  made  specially  for  use  with  producer  or  blast- 
furnace gases.  IVIany  have  already  been  constructed,  including  sixteen 
for  powers  above  200  H.P.,  with  a  total  of  4,400  H.P.  One  of  the  most 
important  installations  is  at  Valenciennes,  where  four  200  H.P.  mono- 
triplex  Letombe  engines  driven  with  poor  gas  from  two  Letombe 
producers  (see  p.  230)  have  been  working  successfully  since  1901.  This 
plant  was  tested  by  Professor  Witz  in  July,  1903.  The  consumption  of 
Anzin  anthracite  was  0*8  lb.  per  B.H.P.,  and  the  heating  value  of  the 
gas  produced  147  B.T.U.  per  cubic  foot.  Particulars  will  be  found  in  the 
Tables.  In  a  smaller  20  H.P.  engine,  also  worked  with  poor  gas,  the 
consumption  was  just  under  1  lb.  coal  per  B.H.P.  hour.  Letombe 
engines  and  generators  are  also  working  at  Toulouse,  Lille,  and  elsewhere 
in  France.  They  are  made  single-acting  from  7  to  28  B.H.P.,  double- 
acting  and  "mono-triplex"  from  27  to  360  B.H.P.,  and  run  at  280  to  140 
revolutions  per  minute. 
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Several  small  French  engines  have  dropped  out  of  public  notice,  and 
are  no  longer  made.  Among  these  are  the  Pelloree,  the  Perrin,  the 
Crouan,  constructed  by  the  Society  Fran9aise  du  Gazomoteur,  and  the 
Durand ;  all  are  for  very  small  powers,  and  of  the  ordinary  four-cycle 
Otto  type.  The  Delahaye  is  now  worked  only  with  oil,  and  is  chiefly 
used  to  drive  motor  cars.  The  same  remarks  apply  to  the  Roger,  made 
by  M.  Roger,  of  Paris,  patentee  of  the  Benz  engine  in  France,  who 
brought  out  a  small  vertical  gas  engine  of  the  Otto  type,  with  hot- tube 
ignition  and  centrifugal  governor.  The  interest  of  this  firm  has  now 
been  transferred  to  M.  Serpollet,  the  well-known  maker  of  steam  motor 
cars. 

Brouhot. — The  engine  made  by  Brouhot  &  Cie.,  at  Vierzon  (Cher),  is 
especially  intended  for  agricultural  purposes,  such  as  making  wine, 
distilleries,  breweries,-  saw,  flour,  and  other  mills,  and  for  electric 
lighting ;  it  may  be  driven  either  by  gas  or  petroleum.  It  is  of  the 
ordinary  four-cycle  type,  with  a  valve  shaft  driven  by  wheels  from  the 
crank  shaft.  The  charge  is  fired  by  an  electric  spark  from  a  small 
battery,  or  from  a  magnetiser.  Gas  and  air  are  admitted  into  an  external 
mixing  chamber  through  apertures,  the  orifices  of  which  are  exactly 
proportioned.  The  ball  governor  acts  upon  the  openings,  and  varies  the 
quantity  of  the  charge  without  altering  its  quality.  The  engine  is  made 
horizontal  in  sizes  from  1  to  25  H.P.  single  cylinder,  and  10  to  30  H.P. 
for  two  cylinders,  and  vertical  from  1  to  4  H.P.  For  very  small  powers 
the  latter  are  preferable,  because  they  occupy  less  space.  It  can  also  be 
adapted  for  use  with  poor  gas.  Several  hundreds  of  these  engines  are 
at  work. 

The  Otto  engine,  made  in  France  by  the  Compagnie  Fran^aise  des 
Moteurs  k  Gaz,  is  described  in  Chapter  vi. 

Benier. — One  of  the  latest  developments  in  gas  engines  is  the  intro- 
duction of  suction  gas  producers  attached  to  the  motor,  the  gas  being 
made  per  stroke  and  passing  direct  to  the  engine,  without  intermediate 
storage  in  a  gasholder.  The  idea  is  not  new ;  the  Gardie  gas  plant, 
described  in  former  editions  of  this  book,  was  brought  out  several  years 
ago  in  France,  but  was  not  successful.  The  Bonier  is  an  interesting 
typical  example,  which,  for  a  time,  met  with  some  favour.  The  succe.ss 
of  the  suction  gas  producers  now  made  by  most  of  the  leading  English 
and  Continental  firms  (see  p.  202)  shows  that  B6nier's  plant  was  designed 
on  the  right  lines.  According  to  a  German  authority,  the  failure  of  his 
generator  was  due  to  its  combination  with  a  gas  engine,  the  type  of  which 
was  not  suited  for  work  with  a  suction  producer. 

The  generator,  which  is  an  improvement  on  the  Arbos  system,  is 
connected  to  a  two-cycle  gas  motor,  and  the  gas  is  produced  automatic- 
ally per  stroke  as  required,  by  the  suction  of  the  motor  piston.     The  gas 
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producer  consists  of  a  cylindrical  chamber  lined  with  fire-brick,  and 
surrounded  by  an  outer  casing  and  an  inner  annular  space.  The  anthra- 
cite or  coke  falls  through  a  horizontal  slide  valve  on  to  the  hollow 
revolving  circular  grate,  which  makes  one-quarter  of  a  revolution  -per 
hour.  Steam,  generated  in  the  grate  itself  from  a  stream  of  water 
constantly  passing  over  the  bars,  is  mixed  with  air,  and  the  two  are 
drawn  by  the  suction  stroke  of  the  motor  piston  to  the  grate,  through  the 
annular  space  between  the  furnace  and  the  outer  casing,  and  superheated. 
The  gases  from  the  furnace  are  passed  through  a  washer,  and  thence  to 
the  motor  cylinder.  The  engine  has  two  parallel  cylinders,  motor  and 
pump,  in  which  the  usual  working  method  in  the  two-cycle  type  is  carried 
out.  The  pump  piston  draws  the  gas  through  the  generator,  and  air  from 
the  atmosphere,  and  sends  them  on  to  the  motor  cylinder.  The  exhaust 
is  in  front,  the  holes  being  uncovered  by  the  motor  piston,  near  the  end 
of  the  explosion  stroke,  and  closed  on  its  return.  During  the  last  period 
of  the  pump  stroke  a  small  quantity  of  air  is  drawn  in,  and  delivered 
first  into  the  motor  cylinder,  to  prevent  the  escape  of  the  fresh  charge 
through  the  exhaust.     The  charge  is  fired  electrically. 

Two  trials  of  a  Bonier  gazogene  motor  were  made  by  Professor  Witz 
at  Lille  in  1894.  In  the  first,  English  anthracite  was  used,  the  calorific 
value  of  which  was  taken  at  14,400  T.U.  per  lb.,  and  the  consumption 
was  1-5  lbs.  per  B.H.P.  hour.  The  second  trial  was  made  with  broken 
gas  coke,  the  heating  value  of  which  was  estimated  at  12,240  T.U.,  and 
the  consumption  was  1*6  lbs.  per  B.H.P.  hour.  Heat  efficiency  about  12 
per  cent.     For  further  particulars,  see  Table  of  Trials. 

The  Compagnie  Parisienne  au  Gas,  who  are  the  makers  of  the 
modern  Lenoir,  brought  out  a  useful  engine  of  their  own  design  some 
years  ago.  It  is  a  compact  and  handy  motor  of  the  ordinary  four- 
cycle type.  The  exhaust  and  gas  valves  are  worked  by  cams  on  the 
side  shaft  driven  2  to  1  from  the  crank  shaft,  the  automatic  air 
valve  is  lifted  by  the  suction  of  the  piston.  Ignition  is  by  electricity, 
the  spark  being  produced  by  a  contact  maker  on  the  side  shaft  connected 
to  the  ignition  chamber.  The  centrifugal  governor  acts  upon  the  conical 
cam  regulating  the  gas  admission  valve,  and  more  or  less  gas  is  admitted 
according  to  the  speed.  To  start  the  engine  there  is  an  additional  cam 
on  the  valve  shaft,  acting  on  the  exhaust  valve  during  the  compression 
stroke.  The  consumption  of  lighting  gas  is  said  to  be  from  19*4  to  24 
cubic  feet  per  B.H.P.  hour. 

The  Duplex,  made  by  the  company  of  that  name  at  Paris  in  sizes 
from  1^  to  80  B.H.P.,  horizontal  only,  is  an  ordinary  four-cycle  motor, 
with  a  speed  of  450  to  160  revolutions  per  minute.  Ignition  is  by  hot 
tube  in  engines  up  to  20  H.P.,  above  that  size  the  charge  is  fired  by  an 
electric  spark.     The  ball  governor  acts  upon  the  gas,  and  regulates  the 
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supply  according  to  the  power  required.  Small  sizes  of  this  engine  are 
much  used  in  various  industrial  trades  in  France,  and  it  is  also  made  up 
to  250  H.P.  to  work  with  producer  gas.  A  150  H.P.  plant  is  working  at 
the  La  Touche  mines,  Ile-et-Vilaine.  A  new  double-acting  type,  with  an 
impulse  at  every  revolution,  was  brought  out  in  1896,  and  described  by 
Witz,  vol.  iii.,  p.  292,  but  it  does  not  seem  to  have  made  much  progress. 
The  valves  for  the  admission  of  gas  and  air  are  at  one  end  only  of  the 
cylinder,  and  the  mixture  is  conveyed  to  either  side  as  required,  through 
a  passage  below,  but  admission  lasts  only  during  half  a  stroke,  and  is  then 
cut  off  by  the  piston. 

A  description  of  three  small  engines,  the  ChAmpion,  made  by  MM. 
Caioin  &  Marc,  of  Lille,  the  Begent,  by  B^hu,  of  Paris,  and  the  Noel, 
by  Fritscher  &  Houdry,  of  Provins,  will  be  found  at  p.  129  of  the  third 
edition  of  this  book.  The  last  was  one  of  the  earliest  gas  motors  pro- 
duced in  France.  None  of  them  seem  to  have  held  their  ground  against 
the  keen  competition  to  which  all  gas  engine  makers  are  now  exposed, 
and  they  have  practically  disappeared  from  the  market. 

The  Gnome,  made  by  Thevenin,  Fr^res,  and  by  S^guin,  of  Genne- 
villiers,  is  a  form  of  the  Seek,  a  German  engine  described  at  p.  185,  and 
is  chiefly  worked  with  oil.  When  made  as  a  gas  engine,  the  gas  valve  is 
placed  below  the  air  valve  on  the  same  spindle,  and  forms  with  it  a 
double-seated  automatic  valve.  There  is  no  cam  shaft,  the  exhaust  valve 
alone  being  mechanically  driven  from  an  eccentric  on  the  crank  shaft. 
Ignition  of  the  charge,  lubrication,  and  governing  on  the  "  hit-and-miss  " 
system,  are  the  same  as  in  the  Seek  oil  engine.  By  the  French  firms  it  is 
made  in  sizes  from  H  to  22  B.H.P.,  with  a  speed  of  400  to  250  revolu- 
tions per  minute. 

Belgian  Engines. — Practically  all  gas  engines  now  made  in  Belgium 
are  of  the  Otto  four-cycle  type.  The  following  list  of  the  chief  makers 
has  been  kindly  supplied  by  a  distinguished  firm  of  Belgian  Engineers : — 
Bagot,  Daelstorm,  Nagel  &  Hermann,  Soci^te  Beige  des  Moteurs  k  Gaz  et 
k  Petrole,  Soci6t6  Economique,  H.  Bollinckx,  all  at  Brussels;  Allard 
Frferes,  Soci^t^  des  Forges  et  Usines  de  Gilly,  Societe  Anonyme  des 
Haies,  Veuve  Michel,  B.  Lebrun,  in  Hainault ;  Fetu,  Defise  et  Cie., 
Soci^t6  des  Moteurs  a  Grande  Vitesse,  and  Longdoz,  all  at  Li^ge ;  Societe 
Phoenix  at  Ghent,  and  J.  Gilain  at  Tirlemont.  For  the  important  de- 
velopments of  the  Simplex  engine  by  the  Soci«^te  Cockerill  at  Seraing, 
near  Lidge,  see  p.  136. 
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CHAPTER   IX. 
GERMAN  GAS  ENGINES. 

CONTIKTS. — KoertiDg— Siegener  Maschinen-Bau  Gesellschaft — Vereinigte  Maschinen 
Fabrik  Augsburg  and  Maschinen-Bau  Gesellschaft  Nuremberg — Soest — Dingier 
—  Oechelhaueser  —  Borsig  —  Adam  —  Giildner  —  Benz  —  Daimler  —  DiLrkopp  — 
Dreadener  Gas  Motor  —  Kappel  —  LUtzky  —  Sombart  —  Capitaine  —  Berlin- 
Anhaltische — Bechstein — Langensiepen  —  Gnome — Austrian  Engines — Bdnki — 
Swiss  Engines  —  Schweizerische  Maschinen  •  Fabrik,  Winterthur  —  Martini  — 
Escher-Wyss. 

Koerting. — Next  to  the  Otto,  no  gas  engine  is  so  extensively  made  in 
Germany  as  the  Koerting.  It  was  first  brought  out  as  a  vertical  motor 
in  1879,  and  may  therefore  claim  to  rank  as  an  historical  engine.  Since 
then  many  improvements  have  been  introduced,  and  the  mechanical 
details  are  continually  undergoing  change.  MM.  Koerting  are  among 
the  foremost  makers  of  large  engines,  and  have  of  late  years  devoted 
special  attention  to  the  construction  of  engines  for  very  high  powers,  to 
work  with  producer,  blast-furnace,  coke-oven,  and  other  poor  gases.  The 
success  which  has  attended  the  introduction  of  their  two-cycle  double- 
acting  motor  may  be  said  to  mark  an  epoch  in  gas-engine  construction. 

In  the  original  engine  brought  out  by  MM.  Koerting  and  Lieckfeldt 
a  method  of  ignition  by  propagation  of  flame  in  a  conical  tube  was 
adopted,  but  in  all  the  present  engines  ignition  is  by  electricity,  except  in 
horizontal  motors  below  10  H.P.,  in  which  hot-tube  ignition  is  still  used. 
The  method  of  regulating  the  speed  was,  at  the  time  of  its  introduction, 
a  novelty.  If  the  normal  number  of  revolutions  was  exceeded,  the 
governor  acted  upon  a  lever,  one  end  of  which  kept  the  exhaust  valve 
open,  while  the  other  held  a  return  valve  in  the  mixing  chamber  closed. 
As  the  gas  and  air  were  admitted  through  an  automatic  valve  lifted  by 
the  vacuum  in  the  cylinder,  no  charge  could  enter  while  tlie  exhaust  was 
open. 

There  have  been  several  distinct  periods  in  the  construction  of  the 
Koerting-Lieckfeldt  engine.  In  the  type  of  1881,  to  which  a  return  with 
important  modifications  has  lately  been  made,  an  auxiliary  pump  was 
introduced ;  the  four  operations  of  admission,  compression,  explosion  plus 
expansion,  and  exhaust  were  divided,  as  in  the  Clerk  engine,  between 
two  cylinders,  and  an  impulse  was  obtained  at  each  revolution.  The 
cylinders  were  vertical,  and  there  were  two  cranks,  motor  and  pump, 
working  upwards  on  to  the  same  crank  shaft.     If  the  speed  was  too 
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great  the  ball  governor  opened  communication  between  the  pump  and  a 
reservoir,  into  which  part  of  the  compressed  mixture  was  driven.     Dra'w- 
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Fig.  81.  — Koerting  Gas  Engine—Sectional  Elevation.     1888-1899. 

ings! of . this  engine  will  be  found  in  Schottler.     The  firm  has  long  been 
known  as  Koerting  Bros.,  of  Hanover,  and  the  engine  as  the  Koerting. 
Type  of  1888. — In  this  vertical  motor,  of  which  Fig.  81  gives  a 
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sectional  elevation,  the  four-cycle  of  Beau  do  Rochas  was  adopted,  giving 
one  working  stroke  in  four.     A  b  the  motor  cylinder,  F  the  piston,  d  the 
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<K)nnecting-rod  working  direct  on  to  the  crank  shaft  K.  All  the  valves,  with 
the  exception  .of  the  automatic  admission  valve,  are  worked  from  a  rocking 
shaft  Uf  driven  2  to  1  from  the  crank  shaft;  o  is  the  mixing  chamber, 
N  the  admission,  and  M  the  charging  valve.  Ignition  was  originally  by 
an  external  flame  through  a  groove,  and  the  governor  acted  on  the 
exhaust  valve,  as  already  described,  on  the  "hit-and-miss"  principle.  This 
method  of  regulating  the  speed  has  now  been  given  up  in  all  the  Koerting 
engines.  For  a  full  description  of  this  vertical  type  see  Third  Edition, 
p.  135. 

Horizontal  Type. — This  is  the  construction  Messrs.  Koerting  have 
now  adopted  for  all  their  motors,  except  a  small  vertical  engine  lately 
brought  out  for  marine  work  and  motor  cars.  In  the  earliest  type 
ignition  was  by  a  hot  tube  open  to  the  cylinder,  a  special  arrangement 
being  made  to  prevent  premature  ignition.  There  were  three  valves — 
the  automatic  gas  and  air  valve,  the  admission  valve  to  the  cylinder,  and 
the  exhaust  The  two  latter  were  driven  by  eccentrics  on  the  crank 
shaft,  and  a  lever  acted  on  by  the  governor  worked  between  them.  A 
description  of  the  method  used  to  prevent  the  eccentrics  from  opening  the 
valves  at  every  revolution,  instead  of  every  other  revolution,  is  given  by 
Schottler  (third  edition). 

Fig.  82  shows  the  latest  type  of  the  Koerting  four-cycle  horizontal 
engine,  up  to  150  H.P.  There  are  three  valves,  the  admission  and 
exhaust,  driven  by  cams  from  an  auxiliary  shaft  geared  to  the  crank 
shaft,  as  shown,  and  the  double-seated  mixing  valve,  opened  by  the 
suction  of  the  piston.  Air  enters  through  the  lower,  and  gas  through 
the  upper  seat  of  this  valve,  through  a  number  of  fine  jets,  to  ensure  the 
thorough  mixing  of  the  charge,  on  which  great  stress  is  laid  in  all  the 
Koerting  engines.  The  stroke  of  the  valve  is  always  the  same,  therefore 
the  proportions  of  gas  and  air  do  not  vary.  The  governor  acts  upon  a 
throttle  valve  placed  between  the  mixing  and  the  admission  or  inlet 
valve.  The  lift  of  the  latter  is  constant,  but  the  governor  regulates  the 
quantity  of  the  charge  passing  through  it  to  the  cylinder,  and  hence  the 
degree  of  compression.  As  pressures  up  to  160  and  180  lbs.  per  square 
inch  are  attained  during  compression,  much  care  is  necessary  in  cool- 
ing the  cylinder  and  combustion  chamber.  Ignition  is  by  electricity, 
except  in  engines  below  10  H.P.  Smaller  engines  are  started  by  hand, 
by  shifting  the  exhaust  cam  on  the  valve  shaft,  and  holding  the  exhaust 
open  during  the  compression  stroke ;  for  engines  above  1 2  H.P.  com- 
pressed air  is  used,  to  supply  which,  either  from  the  engine  itself  or  from 
an  auxiliary  motor,  about  2  H.P.  are  required.  Single-acting  Koerting 
engines  are  made  with  one  cylinder  from  2  to  165  H.P.,  above  this  size 
up  to  350  H.P.  with  two  cylinders  side  by  side,  and  run  at  260  to  135 
revolutions  per  minute.  The  pistons  of  engines  above  100  H.P.  are 
cooled  with  water. 
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An  important  novelty  in  gas  engines  has  been  the  introduction  of 
the  Koerting  twoKsycle  double-acting  type,  which  in  its  construction  some- 
what resembles  a  steam  engine.   This  interesting  and  well-designed  motor 
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has,  like  the  Clerk,  one  working  cylinder  and  two  pumps  for  gas  and  air. 
There  is  one  crank,  and  one  admission  valve  at  either  end  of  the  cylinder, 
driven  by  cams  from  a  small  shaft  worked  by  the  main  shaft ;  the  same 
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shaft  serves  the  two  electric  igniters  at  either  end.  There  is  no  eshaust 
valve,  and  ita  absence  is  an  advantage  in  large  engines,  in  which  the 
extiaust  valve  is  a  source  of  difficulty,  because  of  the  power  required  to 
lift  it,  and  the  high  temperature  of  the  burnt  gases.  These  are  dis- 
charged through  a  ring  of  slots  round  the  centre  of  the  cylinder,  un- 
covered by  the  piston  at  each  stroke.  The  double-acting  gas  and  air 
pumps,  which  deliver  to  each  end  of  the  motor  cylinder,  are  worked  by 
a  common  rod,  driven  from  a  crank  disc  at  the  end  of  the  motor  shaft ; 
and  two  piston  valves  worked  by  an  eccentric  uncover  and  close  the 
suction  and  delivery  passages.  The  pumps  are  set  110°  in  advance  of 
the  motor  piston,  and  the  alight  pressure  in  the  delivery  passages  is 
utilised  to  procure  a  scavenger  blast  of  air,  and  a  stratification  of  the 
incoming  charge.  The  length  of  the  motor  piston  is  equal  to-  that  of 
the  stroke,  less  the  exhaust  ports,*  which  occupy  about  one-tenth  of  the 
cylinder. 

Fig.  S3  shows  the  working  method  and  Fig.  S4  the  action  in  the 
motor  cyhnder,  which  is  as  follows ;— Beginning  with  ignition  of  the 
charge  on  one  face  of  the  piston  at  the  dead  point,  the  expansion  of 


Fig.  84. — Koerting  Engine^SecCiou  of  Cylinder  with  Diagram. 

the  gases  drives  out  the  piston.  At  nine-tenths  of  the  stroke  the  exhaust 
ports  are  uncovered,  and  the  pi'essure  falls  to  atmosphere.  Immediately 
after,  and  before  the  dead  point  is  reached,  the  admission  valve  opens ; 
a  charge  of  air  ent«rs,  drives  out  the  products  of  combustion,  and  is  said 
to  form  a  neutral  cushion  between  them  and  the  incoming  ^charge.  Gas 
and  air  in  suitable  proportions  are  next  admitted,  the  piston  begins  to 
return,  covers  tiie  exhaust  ports,  the  chaise  is  compressed  during  the 
remainder  of  the  stroke  to  about  150  lbs.  per  square  inch,  and  the  cycle 


THE  KOERTING  GAS  ENGINE.  l6l 

recommences.  The  same  operations  are  repeated  on  the  other  face  of  the 
piston.  Thus  expansion  and  compression  occupy  nine-tenths  of  each 
stroke,  and  admission  and  exhaust  only  one-tenth. 

The  method  of  obtaining  the  scavenger  charge  of  air  is  shown  at 
Fig.  83.  The  gas  and  air  pumps  have  the  same  stroke,  but  the  diameter 
of  the  air  pump  is  about  one-fifth  larger.  Gas  and  air  are  drawn  in 
through  piston  valves  p  p^  which  uncover  first  the  suction  and  next  the 
delivery  passages  to  the  cylinder,  through  c,  6,  and  d.  When  the  charg- 
ing stroke  of  the  air  pump  is  ended,  the  suction  passage  is  shut  off  by 
the  piston  valve,  the  delivery  passage  is  uncovered  and  air,  at  a  pressure 
of  about  7  lbs.  per  square  inch,  is  forced  into  the  passages  leading  to  one 
or  other  end  of  the  motor  cylinder.  In  the  gas  pump  the  piston  valve 
keeps  the  connection  between  c  and  b  open,  not  only  during  the  suction, 
but  also  during  part  of  the  return  stroke.  As  the  pumps  are  in  advance 
of  the  motor  piston,  the  opening  of  the  gas  delivery  passages  coincides 
with  that  of  the  admission  valve.  Air  has  already  filled  the  air  passage 
and  the  end  of  the  gas  passage,  and  when  the  admission  valve  opens  it 
rushes  into  the  cylinder,  and  displaces  the  burnt  products,  before  the 
charge  of  gas  and  air,  in  regulated  proportions,  enters.  As  shown  in 
Fig.  83,  the  two  do  not  mix  till  they  reach  the  admission  valve,  striking 
as  they  enter  the  cylinder  against  a  projection  below  the  valve  (Fig. 
84)  to  ensure  their  thorough  mixing.  The  scavenger  charge  of  air  is 
said  to  prevent  the  escape  of  any  fresh  gas,  it  cleanses  and  cools  the 
cylinder,  and  premature  ignition  cannot  take  place. 

The  governor  acts  upon  the  throttle  valvd/(Fig.  83).  The  gas  pump 
being  so  arranged  that  during  the  first  half  of  its  delivery  stroke  part  of 
the  gas  drawn  in  is  returned  to  the  suction  passage,  the  governor,  working 
through  a  series  of  levers  and  a  slot  link,  regulates  the  opening  of  the 
throttle  valve,  and  sends  on  more  or  less  gas  to  the  cylinder,  according 
to  the  load.  As  the  quantity  of  air  is  always  the  same,  the  compression 
of  the  charge  is  only  slightly  reduced,  and  ignition  is  always  assured, 
because  the  richest  mixture  is  forced  by  the  projecting  spur  to  pass  near 
the  igniter.  This  method  of  governing  is  especially  suited  to  blast- 
furnace gases,  which  being  weak  are  diluted  with  a  relatively  small 
quantity  of  air.  The  cylinder  and  working  parts  are  carefully  cooled, 
and  the  combustion  chamber  is  ribbed  externally,  to  afford  a  large  cooling 
surface  to  the  water  in  contact  with  it.  The  hollow  piston-rod  carries 
an  inner  concentric  tube,  through  which  water  passes  to  the  piston,  and 
returns  through  an  outer  tube.  The  water  is  supplied  under  pressure 
from  a  small  pump,  and  passes  to  and  from  the  piston-rod  through  tele- 
scoping tubes ;  jointed  rods  are  also  sometimes  used.  The  exhaust  ports 
are  covered  at  each  stroke  by  the  cooled  piston.     The  engine  is  started 

by  compressed  air  admitted  through  a  slide  valve,  at  a  pressure  of  90  to 
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150  lbs.  per  square  inch,  according  to  the  size  of  the  engine,  and  sent 
to  the  cylinder  from  a  small  compressor,  usually  driven  by  an  electric 
motor* 

The  two-cycle  Koerting  engine  has  been  extensively  adopted  for  large 
powers,  especially  abroad,  where  many  important  installations,  chiefly 
driven  with  blast-furnace  gases,  are  at  work.  It  is  made  with  one 
cylinder  from  400  to  1,500  H.P.,  with  two  cylinders  side  by  side  up  to 
3,000  H.P. ;  piston  speed  700  to  800  feet  per  minute.  Including  the 
engines  supplied  by  their  licencees,  MM.  Koerting  have  up  to  now  built 
over  a  hundred  two-cycle  engines,  of  powers  varying  from  150  to  2,000 
H.P.,  and  developing  a  total  of  about  100,000  H.P.  Of  these,  4,300  H.P. 
are  supplied  by  Mond  gas,  76,500  H.P.  by  blast-furnace  gases,  7,200  H.P. 
by  producer  gas,  and  600  H.P.  by  coke-oven  gases.  The  engines  are 
made  in  England  by  Messrs.  Eraser  k  Chalmers  for  blowing  engines, 
compressors,  and  roller  mills,  and  by  Messrs.  Mather  k  Piatt,  of  Man- 
chester, for  driving  dynamos  and  other  purposes,  llie  De  La  Vergne 
Machine  Company,  New  York,  are  the  American  patentees,  and  have 
built  the  largest  plant  yet  at  work,  comprising  16  two-cylinder  engines 
driven  with  blast-furnace  gases,  each  developing  2,000  H.P.,  thus  giving 
a  total  of  32,000  H.P.,  which  is  shortly  to  be  increased  to  42,000  H.P. 

Messrs.  Mather  k  Piatt  construct  the  Koerting  engine,  single 
cylinder,  double-acting,  in  sizes  from  500  to  1,000  B.H.P.,  and  twin 
cylinder  from  1,000  to  2,000  B.H.P.,  with  a  speed  of  125  to  83  revolu- 
tions per  minute.  They  have  built  a  700  H.P.  single  cylinder  engine 
worked  with  producer  gas  for  the  Castner-Kellner  Alkali  Company,  the 
largest  of  its  kind  in  England,  and  have  two  others  in  hand,  each  de- 
veloping 1,0Q0  H.P.,  to  work  with  blast-furnace  gases,  and  two  of 
700  H.P.  and  500  H.P.  respectively,  to  be  driven  with  producer  gas. 
Fig.  85  shows  the  700  H.P.  single-cylinder  engine  mentioned  above. 
The  largest  Koerting  installation  in  Germany 'is  at  the  Gutehoffhungs 
Hiitte,  where  there  are  five  engines  worked  with  blast-furnace  gases,  and 
developing  a  total  of  4,000  H.P. 

A  large  number  of  tests  have  been  made  on  Koerting  engines,  in- 
cluding several  on  the  earlier  types.  Trials  were  carried  out  at  Hanover 
in  1890  by  Prof.  Fischer  on  a  20  B.H.P.  engine,  giving  a  consumption 
of  25  cubic  feet  of  German  gas  per  B.H.P.  hour.  A  later  trial  by  Dr. 
Epstein  in  Frankfort  in  1893  on  a  35  B.H.P.  engine  showed  a  consump- 
tion of  19  cubic  feet  of  gas  per  B.H.P.  hour.  An  important  test  was 
made  in  1900  by  Prof.  Meyer  on  a  350  H.P.  two-cycle  engine,  worked 
with  producer  gas  from  a  Koerting  generator.  The  engine  gave  at  full 
load  480  B.H.P.  Particulars  of  the  trial  will  be  found  in  the  tables. 
The  consumption  of  gas  was  81*5  cubic  feet  per  B.H.P.  hour,  and  the 
heat  efficiency  per  B.H.P.  24-1  per  cent. 
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The  Koerting  two-cycle  engine  is  also  made  to  work  with  blast- 
furnace gases  by  the  Siegener-Masohinen-Bau  G^eflellsohaft,  who 
exhibited  a  700  H.P.  engine  at  the  Dusseldor£f  Exhibition  of  1902, 
where  the  new  type  was  first  brought  to  public  notice.  This  firm  build 
these  double-acting  motors  in  sizes  from  200  to  1,600  H.P.,  and  have 
already  constructed  eight  single-cylinder  engines  from  200  to  800  H.P.y 
and  two  twin-cylinder  engines,  one  of  1,000  H.P.,  and  the  other  of 
1,600  H.P.  These  have  been  supplied  to  various  iron  works  in 
Germany  and  Luxemburg;  two  are  at  the  Horde  Works,  the  first  in 
Germany  to  utilise  blast-furnace  gases  to  drive  engines.  The  blowing 
engines  make  from  80  to  100  revolutions,  with  a  piston  speed  of  about 
600  to  700  feet  per  minute.  A  Koerting  two-cycle  engine  was  also 
shown  at  Diisseldorff  by  Geb.  Klein,  of  Dahlbruch. 

"Bie  Vereinigte  Masohinen-Fabrik  Augsburg  and  Masohinen- 
Bau    Gtosellsohaft   Nuremberg   hold   a   front  rank  among  German 
firms  who  have  of   late  years  especially  devoted    themselves    to  the 
production  of  large  power  gas  motors,  built  on  steam  engine  lines, 
and  worked  with  producer  or  blast-furnace  gases.      Like  other  first- 
class  houses  abroad,  they   seldom   make  the  smaller  sizes,  but  build 
large  engines  of  two  types,  the  Diesel  (see  Part  II.),  and  engines  of 
the  usual    four-cycle   kind.      For   the    latter   they  have  adopted    the 
double-acting    system,    as    seen   at   Fig.    86.      There   is    one    cylinder 
closed   at   both    ends,   with    two  exhnust  valves   opening   one   before 
the  other,   two   admission   valves  above    them,   and    a   mixing  valve, 
through  which  the  gas  and  air  pass  alternately  to  either  end  of  the 
cylinder.     The  piston  works  on  to  the  crank  through  a  connecting-rod 
and  crosshead.     In  a  750  H.P.  single-cylinder  engine  put  down  in  1 902 
at  the  Rhenish  Steel  Works,  Meiderich,  the  valves  were  worked  by  cams 
from  the  valve  shaft,  and  remained  open  throughout  the  admission  stroke. 
The  governor  acted  on  the  automatic  mixing  valve,  and  regulated  the 
quantities  of  gas  and  air  passing  through  it  to  the  admission  valve, 
according  to  the  load.     The  latest  arrangement,  shown  at  Fig.  87,  re- 
sembles the  Deutz  and  Crossley  governing  gear.     The  admission  valve 
is  held  open  by  the  rod  de  and   lever  e/g  throughout  the  admission 
stroke,  and  closed  by  the  spring  F.     The  double-seated  mixing  valve  in 
the  same  valve  chest,  worked  by  levers  m/ly  and  the  rod  1 1,  is  closed  by 
a  weaker  spring   F^,  admits  gas  and  air  in  constant  proportions,  and 
under  normal  conditions  is  also  opened  throughout  the  admission  stroke. 
If  the  load  increases,  the  governor  shortens  the  time  of  contact  of  the 
rod  t  with  e  and  6,  and  the  mixing  valve  is  opened  for  a  shorter  period, 
and  closed  by  the  spring  Fg,  when  roller  b  slips  off  the  cam  a.     As  the 
uiovement  of  the  admission  valve  is  always  the  same,  the  quantity,  but 
Qot  the  quality,  of  the  charge  is  varied. 
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The  type  adopted  by  the  Nuremberg  firm  for  two-cylinder  motors  is 
the  taodem,  and  for  large  powers  two  tandem  engines  side-by-side,  with 
four  cylinders,  all  double-acting.  This  method  of  con-struction  gives  very 
large  powera,  with  relatively  small  cylinder  dimensions.  The  weight  of 
the  pinion  and  rod  is  taken  by  slidea ;  the  frame  carries  the  front  slide, 
forming  the  crosshead,  the  bearings  for  the  crank  Ehaft,  and  the  oil  tank. 
In  the  latest  type  the  valves  are  worked  by  eccentHcs  from  the  auxiliary 
abaft,  which,  as  the  engine  is  double-acting,  makes  the  same  nnmber  of 


Fig.  87. — Nuremberg  Engine — Valve  Gear  and  Governor. 

revolutions  as  the  main  shaft.  The  time  of  electric  ignition  can  be  varied 
while  the  engine  is  running.  All  the  internal  parts  are  separately  lubri- 
cated by  oil  under  pressure,  which  can  thus  be  supplied  to  any  particular 
part,  if  necessary.  The  external  parts  are  lubricated  from  the  oil  tank 
in  the  base  of  the  engine.  Special  care  is  bestowed  on  cooling  the 
working  parts,  the  supply  of  water  is  carefully  regulated,  and  its  tem- 
perature taken  by  thennomet«rs  at  the  various  outlets.  About 
6J  gallons  are  required  per  B.H.P.  hour.     The  piston  and  piston-rod 
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are  cooled  by  water  from  a  special  pump,  worked  direct  from  the  crank 
shaft.     The  engine  is  started  by  compressed  air. 

The  Nuremberg  gas  engines  are  made  in  sizes  from  150  to  1850  H.P., 
with  one,  two,  or  more  cylinders,  and  run  at  90  to  150  revolutions  per 
minute.  During  the  last  two  years  (1904)  the  firm  have  made,  or  have 
in  hand,  sixty-six  engines  worked  with  blast-furnace,  producer,  Mond, 
and  coke-oven  gases  for  driving  dynamos,  mills,  and  blowing  engines. 
Of  the  latter  they  make  a  speciality.  Their  largest  plant  is  at  Madrid, 
where  there  are  six  engines,  each  developing  from  1,800  to  2,000 
H.P.,  directly  coupled  to  dynamos,  and  worked  by  Mond  gas  made 
from  Spanish  lignite.  The  gas  has  a  heating  value  of  123  B.T.U.  per 
cubic  foot,  and  the  exhaust  gases  are  used  to  generate  steam  in  the 
producer. 

Soest. — ^The  firm  of  Louis  Soest,  of  Reisholz,  are  also  makers  of  gas 
engines,  chiefly  for  large  powers,  of  the  ordinary  horizontal  four-cycle 
type.     In  their  motors  the  front  part  of  the  long  piston  serves  as  the 
crosshead.     The  engine  and  valve  chest  are  cooled  with  water,  and  in 
the  larger  engines  the  exhaust  valve  also.     The  admission  and  exhaust 
valves  are  placed  one  above  the  other,  and  are  worked  by  levers  and 
cams  from  the  valve  shaft,  geared  2   to   1    to   the   main  shaft.      The 
valve  seats  are  so  placed  that  the  inner  cylinder  wall  is  cooled  both 
inside  and  out,  an  arrangement  also  found  in  the  Nuremberg  engine. 
Hie  admission,  first  of  air,  then  of  gas,  is  through  a  piston  valve,  the 
movement  of  which  can  be  adjusted  by  a  screw,  and  the  proportions  thus 
varied.     The  governor  acts  through  rods  on  throttle  valves  in  the  gas 
and  air  passages;  the  quality  of   the  charge  is  always  the  same,  the 
quantity  alone  being  regulated  according  to  the  load.     As  the  charge 
is  fired  by  an  electro-magnetic  apparatus  driven  from  the  crank  shaft, 
ignition  is  always  assured.      The  cylinder  and  bearings  are  lubricated 
by  sight  feeders,  the  crank  by  centrifugal  lubrication.     Engines  above 
30  H.P.  are  started  by  air  from  a  compressor,  at  a  pressure  of  200  to 
280  lbs.  per  square  inch,  the  exhaust  valve  being  meanwhile  kept  open 
during  the  compression  stroke.      The  engine   is   made   in  sizes   from 
10  H.P.  upwards,  and  runs  at  220  to  170  revolutions  per  minute.     Up 
to  150  H.P.  it  is  built  with  one  cylinder,  double-acting,  or  two  cylinders 
side-by-side,  single-acting ;  above  that  size,  tandem,  double-  or  single- 
acting.     MM.  Soest  have  supplied  a  large  plant  with  two  cylinders, 
each  developing  700  H.P.,  at  Aix  La   Chapelle,  to  work  with  blast- 
furnace   gases.      A  -300    H.P.    two-cylinder    engine    was    shown    at 
Diisseldorflf. 

The  Dingier  Maschinen-Fabrik,  Zweibriicken,  are  another  import- 
wit  German  firm,  who  confine  themselves  wholly  to  the  construction  of 
>?as  engines  above  150  H.P.     These  they  build  of  the  four-cycle  type, 
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double-acting,  single  cylinder,  or,  if  more  power  is  required,  with  two 
cylinders,  tandem.  The  water-cooled  exhaust  valve  is  in  the  lower  part 
of  the  cylinder,  thus  any  dust  or  dirt  is  blown  out  with  the  gases.  All 
the  valves  are  driven  from  the  auxiliary  shaft,  which  rotates  at  the  same 
speed  as  the  crank  shaft,  to  which  it  is  geared  by  helical  wheels.  The 
opening  of  the  admission  valve  is  constant,  and  air  and  gas  pass  to  it 
through  a  piston  valve,  the  stroke  of  which  is  also  constant,  hence  the 
proportions  of  the  two  do  not  vary.  The  centrifugal  governor  on  the 
valve  shaft  acts  on  the  closing  of  the  admission  valve,  and  thus  regulates 
the  quantity  of  the  charge  entering  the  cylinder,  and  hence  the  com- 
pression. By  a  special  patented  arrangement,  it  also  determines  the 
exact  moment  of  ignition,  in  accordance  with  the  load,  and  the  amount 
of  the  charge  admitted.  When  the  governor  rises  it  shifts  a  small  shaft 
through  a  series  of  levers,  and  causes  the  admission  valve  to  close,  and 
the  charge  to  ignite  sooner.  If  the  engine  is  made  tandem,  it  carries  a 
carefully  packed  piston-rod,  on  w^hich  the  two  plunger  pistons  run. 
There  are  no  stuffing-boxes,  but  the  two  cylinders  are  joined  by  a  con- 
necting piece,  cooled,  like  the  piston  and  rod,  with  water,  through  which 
the  latter  works.  For  double-tandem  engines  two  pairs  of  cylinders  are 
coupled.  The  engine  is  started  by  compressed  air.  The  piston  and 
piston-rod  are  lubricated  by  oil  under  pressure,  the  other  parts  by 
centrifugal  lubrication.  The  Dingier  engines  are  made  double-acting, 
single  cylinder,  from  150  to  600  H.P.,  and  run  at  145  to  100  revolutions 
per  minute,  and  tandem  from  500  to  1,400  H.P.  for  blast-furnace  gases. 
The  consumption  is  given  at  about  250  to  280  B.T.U.  per  cubic  foot  per 
B.H.P.  hour.  An  experiment  was  made  in  1904  by  Prof.  Meyer  on 
a  150  H.P.  engine,  driven  with  producer  gas,  in  which  the  consumption 
of  coke  was  about  1*2  lbs.  per  B.H.P.  hour. 

Oeohelhaueser. — The  demand  for  large  power  engines,  and  the 
application  of  blast-furnace  and  coke-oven  gases  to  drive  them,  have 
brought  this  striking  motor  to  the  front.  In  some  respects  it  resembles 
the  first  Atkinson  engine,  known  as  the  Differential.  The  latter  had  not 
an  air  pump,  like  the  Oechelhaueser,  but  in  both  motors  valve  gear  is 
practically  dispensed  with.  As  hitherto  made,  the  Oechelhaueser  has 
one  long  cylinder  open  at  both  ends,  with  two  pistons,  performing 
between  them  the  functions  of  admission  and  compression  of  the  charge, 
and  discharge  of  the  exhaust  gases.  There  is  no  cam  shaft,  and  the  valves 
usually  driven  by  it  are  replaced  by  ports  uncovered  and  shut  off  by  the 
motor  pistons  during  their  stroke.  These  pistons  work  in  the  horizontal 
cylinder  in  opposite  directions  on  to  the  same  crank  shaft,  through  three 
cranks  180"  apart.  The  two  outer  cranks  are  connected  by  rods  and 
crossheads  with  a  cross  piece  at  the  back  of  the  cylinder,  through  which 
the  piston  of  the  back  cylinder  works.     The  double-acting  pump  on  the 
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B&me  axiB  as  the  motor  cylinder  is  &t  the  back  ot  the  croaa  piece,  ajid  ita 
piston  is  driven  from  it. 
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Fig.  88  gives  a  plan  of  the  engine,  and  illustrates  the  action.  G  is 
the  air  pump,  K^  and  Kg  the  two  motor  pistons.  Beginning  with  the 
point  in  the  stroke,  where  the  two  pistons  are  almost  close  together,  the 
charge  of  gas  and  air  between  them  is  compressed  within  very  small 
limits  to  a  pressure  of  8  or  10  atmospheres  above  atmospheric  pressure. 
Electric  ignition  follows,  and  the  two  pistons  are  driven  apart  by  the 
pressure  of  explosion,  which  is  in  proportion  to  the  heating  value  of  the 
gas  used,  and  sometimes  reaches  355  lbs.  per  square  inch  (25  atmo- 
spheres). Work  is  thus  done  by  both  pistons  on  the  crank  (double  motor 
stroke).  Meanwhile  the  piston  of  the  air  pump  G  has  drawn  in  fresh  air 
through  the  automatic  valve  S,  and  the  return  stroke  of  this  piston  com- 
presses it  on  its  front  face,  and  passes  it  at  a  slight  pressure  through  D 
and  the  air  chamber  R  into  the  compression  space.  On  the  back  face  of 
this  piston  another  series  of  operations  are  simultaneously  carried  out. 
Here  a  mixture  of  gas  and  air  is  drawn  in  through  another  automatic 
valve  N,  and  compressed  by  the  pump  piston  through  O  into  the  mixing 
chamber  P,  which  it  enters  at  the  same  pressure  as  the  air  in  R.  Piston 
Kj  having  passed  the  outer  dead  point  of  the  centre  crank,  now  begins  to 
uncover  the  exhaust  ports  C^,  and  the  products  of  combustion  are  driven 
out.  Piston  Kg  next  uncovers  the  air  port  A,  and  the  air  under  pressure 
rushes  from  R  into  the  motor  cylinder,  sweeping  out  the  burnt  products 
before  it,  and  forming  an  effective  scavenger  charge.  The  admission  port 
Q  is  then  uncovered  by  piston  Kg,  and  the  charge  of  gas  and  air,  com- 
pressed to  about  7  lbs.  per  square  inch,  enter  the  motor  cylinder.  The 
makers  of  the  engine  assert  that  none  of  this  fresh  charge  escapes 
through  the  exhaust  with  •  the  scavenger  blast  of  air,  because  the  volume 
of  the  cylinder  is  so  proportioned  that,  even  when  running  at  maximum 
load  and  power,  the  charge  only  occupies  about  70  per  cent,  of  it.  Both 
motor  pistons  now  begin  the  return  stroke,  the  mixture  is  compressed 
between  them,  and  the  cycle  recommences. 

If  there  are  only  slight  variations  in  the  speed,  the  governor  acts  upon 
the  relative  proportions  of  gas  and  air,  and  alters  the  composition  of  the 
charge;  if  the  speed  is  varied  within  wider  limits,  it  regulates  the 
quantity  of  the  charge  through  the  mixing  valve  cock  H  and  the  return 
slide  valve  Y  in  the  passage  D.  Part  of  the  compressed  charge  passes 
from  O  into  the  suction  pipe  N,  and  is  thence  transferred  to  the  other 
side  of  the  pump,  instead  of  passing,  as  usual,  to  the  motor  cylinder.  In 
the  latest  system,  the  governor  acts  separately  upon  the  admission  of  gas 
and  of  air. 

In  this  interesting  engine  compression,  ignition,  and  expansion  of  the 
charge  occupy  respectively  seven-eighths  of  the  stroke,  while  admission 
and  exhaust  are  effected  during  the  remaining  one-eighth  of  each  stroke. 
Fig.  89  shows  an  indicator  diagram ;   the  exhaust  opens  at  a,  and  at  c 
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compression  of  the  gases  up  to  140  lbs.  per  square  inch  begins.  An 
unusual  feature  is  that  water  is  sprayed  on  to  the'  exhaust  gases  to  cool 
them.  The  latest  engines  are  fitted  with  two  electric  igniters.  In  some 
motors,  gas  alone  enters  through  the  admission  ports,  and  the  charge  is 
formed  in  the  motor  cylinder  itself ;  this  arrangement  depends  upon  the 
kind  of  gas  used. 

The  advantages  of  the  Oechelhaueser  cycle  are  that  a  motor  stroke  is 
obtained  at  each  revolution  instead  of  at  every  other  revolution,  and  as 
this  is  effected  by  two  working  pistons,  the  power  is  said  to  be  increased 
four-fold.  The  necessity  for  two  cylinders,  motor  and  pump,  does  not 
cause  difficulty,  because  for  large  powers  two  cylinders  are  practically 
indispensable.     Admission  and  exhaust  are  effected  in  one  stroke  instead 


Fig.  89. — Oechelhaueser  Engine — Indicator  Diagram. 

of  in  two,  and  the  cylinder  dimensions  are  smaller  for  the  same  power 
than  in  the  four-cycle  type.  Thus  a  1,000  H.P.  single-cylinder  Oechel- 
haueser engine  has  a  cylinder  diameter  of  only  36-8  inches  =  935  mm. 
For  work  with  poor  gases,  the  simplicity  of  the  long  smooth  cylinder, 
without  the  complication  of  a  cylinder  head  and  valve  chest,  and  the 
absence  of  valves  are  also  advantages,  because  dust  cannot  settle  in  the 
working  parts.  The  only  external  gear  required  is  a  small  auxiliary 
shaft  to  drive  the  governor,  igniters,  and  the  starting  valve.  When  used 
for  blast-furnace  work,  the  blowing  engines  can,  it  is  said,  be  driven 
direct  from  the  motor  piston  without  a  stuffing-box,  and  can  themselves  be 
utilised,  as  at  Horde,  to  supply  the  scavenging  charge  of  air.  On  the 
other  hand,  the  engine  has  three  cranks  and  three  pistons,  and  the  con- 
nections are  somewhat  complicated.  The  governing  at  first  was  said  not 
to  act  efficiently,  but  this  has  now  been  remedied. 

The  Oechelhaueser  engine  (Fig.  90)  is  made  for  large  powers  by  several 
important  German  firms.     The  Deutsohe-Kraft  Qesellsohaft  are  the 
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chief  makers,  and  hold  the  patents ;  they  build  engines  from  250  to  3,000 
H.P.,  with  a  speed  of  150  to  90  revolutions  per  minute,  to  work  with 
blast-furnace,  producer,  and  coke-oven  gas.  Affiliated  firms  in  Germany 
are  MM.  Borsig,  of  Berlin-Tegel ;  the  Berlin-Anhaltisohe,  Kdlnische, 
and  Aschersleben  Masohinen-Bau  Qesellsohaft,  Lang,  in  Hungary ; 
and  Messrs.  Besrdmore,  of  Glasgow.  MM.  Borsig  have  adapted  the 
engine  to  work  with  Hghting  gas,  and  build  it  single  cylinder  from  250  to 
1,500  H.P.,  and  with  two  cylinders  from  500  to  3,000  H.P.,  with  a  speed 
of  150  to  94  revolutions  per  minute. 

An  excellent  trial  was  made  in  October,  1903,  by  Professor  Meyer  on 
a  500  H.P.  Borsig-Oechelhaueser  engine,  driven  with  coke-oven  gas,  and 
directly  coupled  to  a  blowing  engine.  Full  details  will  be  found  in  the 
Tables.  The  mechanical  efficiency  of  the  engine  was  about  80  per  cent., 
mean  heating  value  of  the  gas  363  B.T.TJ.  per  cubic  foot,  heat  efficiency 
per  B.H.P.  27*6  per  cent.  As  the  engine  was  originally  constructed  to 
work  with  blast-furnace  gases  of  little  more  than  one  quarter  the  heating 
value  of  coke-oven  gas,  it  was  found  necessary  to  utilise  the  pump  to 
deliver  air  only,  and  to  admit  the  gas  to  the  cylinder  through  a  small 
separate  pump.  Doubts  had  been  raised  whether  the  three  cranks  might 
not  prove  a  source  of  weakness.  Professor  Meyer  determined  this  ques- 
tion by  calculating  the  stresses  on  the  crank  shaft,  and  found  that  it 
might  be  rotated  at  a  much  higher  speed  than  the  normal  without  danger. 
About  45  Oechelhaueser  engines,  of  powers  varying  from  250  to  3,200 
H.P.,  have  been  made  by  the  various  firms.  Of  these  the  Borsig  firm 
have  supplied  twenty,  with  an  aggregate  of  about  12,000  H.P.,  driven 
by  coke-oven,  blast-furnace,  and  producer  gases.  The  most  important 
plants  are  at  Gijon,  in  Spain,  where  there  are  nine  single  cylinder 
engines  worked  with  Mond  gas,  developing  3,400  H.P.,  and  used  to 
drive  dynamos,  and  at  the  Ilsede  Iron  Works,  where  six  engines  are 
worked  with  blast-furnace  gases,  two  of  1,000  H.P.,  two  of  1,600  H.P., 
and  two  of  500  H.P.  These  powerful  motors  drive  dynamos  and 
blowing  engines,  and  supply  power  to  the  rolling  mills  at  Peine,  five 
miles  distant.  Fig.  90  gives  a  view  of  the  latest  Borsig-Oechelhaueser 
engine,  shown  at  the  St.  Louis  Exhibition. 

Adam. — The  Adam  vertical  gas  engine,  formerly  constructed  by  the 
Maschinen-Bau  Gesellschaft  at  Munich,  resembled  the  earlier  Koerting 
in  some  respects.  Ignition  was  effected  by  propagation  of  flame;  the 
governor  acted  on  the  exhaust  valve,  and  the  products  of  combustion 
were  re-introduced  into  the  cylinder,  instead  of  a  fresh  charge,  if  the 
speed  was  too  great.  The  engine  was  of  the  usual  four-cycle,  single- 
acting  tyx)e,  of  which  Fig.  91  gives  a  sectional  elevation.  The  organs  of 
admission,  distribution,  ignition,  and  exhaust  were  worked  by  a  small 
auxiliary  shaft  K^,  driven  from  the  crank  shaft  K.     Gas  and  air  were 
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admitted  iato  the  mixing  chamber,  and  passed  throagb  an  automatic 
valve  and  the  wide  paaaage  6  into  the  cylinder  A  with  piston  P.  The 
ignition  chamber  V  was  enclosed  within  another,  in  which  a  small  verti- 
cal piston  p  worked.  At  the  moment  of  ignition  the  compresaed  gases 
from  the  motor  cylinder  entered  the  tube  from  below,  and  ignited  at  the 
opening  d.  The  valve  piston  then  descended,  shutting  off  communication 
from  above,  and  the  flame  shooting  back  into  the  cylinder  ignited  the  rest 


Fig.  91.— Adam  Oas  Engine— Sectional  Elevation.     18S8-ltJ99. 

of  the  charge.  The  speed  was  regulated  by  the  ball  governor  O,  which 
kept  the  exhaust  valve  open  a  longer  or  shorter  time,  by  shifting  the 
roller  e  from  a  smaller  to  a  larger  cam. 

A  25  H.P,  twin-cylinder  vertical  engine  was  shown  at  the  Munich 
Exhibition  in  1888 ;  and  another  of  30  H.P.,  with  four  cylinders,  at  the 
Frankfort  Electrical  Exhibition  in  1891.  In  these  engines  the  cylinders 
were  placed  diagonally  to  each  other,  the  centre  of  the  axis  of  each  being 
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in  line  with  the  centre  of  the  crank  axis.  The  four  pistons  worked  oppo- 
site each  other  in  pairs  on  to  two  cranks  180"  apart,  and  one  crank  shaft ; 
the  up  stroke  of  one  of  the  pair  of  pistons  was  always  more  rapid  than  the 
corresponding  down  stroke  of  the  other.  A  trial  upon  a  two-cylinder  1 1 
B.H.P.  engine  was  carried  out  by  Professor  Schroter  at  Munich  in  1889. 
At  Nuremberg  in  1888,  in  an  11*7  B.H.P.  engine,  the  consumption  was 
27  cubic  feet  of  town  gas  per  B.H.P.  hour,  including  the  external  flame. 
Later  experiments  on  a  6  B.H.P.  engine  showed  a  consumption  of  2S 
cubic  feet  of  German  lighting  gas  per  B.H.P.  hour. 

The  construction  of  this  engine  has  now  been  given  up,  and  the 
Maschinen-Bau  Gesellschaft  Miinchen  make  the  Qiildner  engine,  more 
especially  for  work  with  suction  gas  producers.     A  small  two-cycle  type 
was  brought  out  in  1893,  of  which  the  present  engine  appears  to  be  a 
development.     The  motor  is  vertical,  with  the  crank  shaft  below,  sur- 
rounded by  a  reservoir  of  air.     In  the  down  stroke  of  the  piston,  the 
exhaust  gases  are  first  discharged ;  compressed  air  is  then  forced  from 
the  crank  chamber,  through  a  vertical  passage  into  the  upper  part  of  the 
cylinder,  where  it  acts  as  a  scavenger  charge,  and  effectually  clears  out  the 
burnt  products  before  the  admission  valve  opens  to  admit  gas  and  air. 
The  return  stroke  compresses  the  charge,  the  gases  are  fired  electrically, 
and  are  expanded  in  the  next  down  stroke.     A  description  of  several 
engines  more  or  less  on  the  same  lines,  notably  the  Bay,  will  be  found  in 
the  earlier  editions  of  this  book.     In  a  test  made  in  September,  1903,  by 
Professor  Schroter  on  a  30  H.P.  engine  driven  with  lighting  gas,  the  high 
heat  efficiency  of  42*7  per  cent,  per  indicated  H.P.  was  attained  at  maxi- 
mum load,  and  a  mean  heat  efficiency  of  28-5  per  cent,  per  I.H.P.  hour, 
when  worked  with  a  suction  gas  producer  fired  with  anthracite.     The 
Giildner  engine  is  made  vertical  only,  single  cylinder,  in  sizes  from  10  ta 
100  B.H.P,  two  cylinder  from  75  to  200  H.P,  and  runs  at  260  to  150  re- 
volutions per  minute. 

Bens. — One  of  the  best  designed  of  German  engines  was  the  Benz, 
patented  in  1884,  and  constructed  by  the  Rheinische  Gas-Motoren  Fabrik 
at  Mannheim.  In  it  the  problem  was  again  treated,  how  to  obtain  a 
motor  impulse  per  revolution,  without  the  additional  complication  of  a 
second  pump  cylinder.  The  loss  of  power  and  want  of  regularity  in  four- 
cycle engines,  giving  an  explosion  only  every  two  revolutions,  were  thus 
avoided.  In  the  opinion  of  Professor  Witz,  the  difficulty  was  more 
completely  and  satisfactorily  solved  in  this  than  in  any  other  engine. 

Fig.  92  gives  an  elevation,  and  Fig.  93  a  plan  of  the  Benz  engine.  A 
is  the  horizontal  motor  cylinder  closed  at  both  ends,  in  which  the  piston 
P  works,  A^  the  small  gas  pump  with  plunger  piston  P^  The  air  receiver 
in  the  base  of  the  engine  B  is  shown  at  Fig.  92,  and  the  compressed  air 
passes  through  D  to  the  cylinder.     S  is  the  slide  valve,  worked  by  eccentric 
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g  on  the  crank  abaft,  through  which  and  the  port  m  air  is  drawn  into  the 
front  part  of  the  cylinder.  During  the  next  forward  stroke,  the  side  of  the 
piston  next  the  crank  compresses  it  into  the  receiver  below,  from  whence 
a  charge  of  compressed  air  enters  the  back  of  the  cylinder.  The  lift  valve 
a  and  the  exhaust  E  are  worked  from  the  crank  shaft  by  an  oblique  rod 
indicated  by  dotted  lines  in  Fig.  92,  the  lever  C  and  cam  c^.  The  piston 
pi  of  the  gas  pump  is  fixed  to  the  crosshead,  and  moves  with  it  The  gas 
is  admitted  into  the  pump  A'  through  a  valve  connected  to  the  governor. 


Fig.  92.— Beni  Qaa  Engine— Elevati 


Fig,  93.— Bena  Gas  EngiDe-Plan. 

which  lifts  it  for  a  longer  or  shorter  time,  according  to  the  speed.  The 
retum'stroke  of  the  pump  compresses  the  gas  into  the  motor  cylinder, 
through  the  lift  valve^  which  at  the  end  of  the  pump  stroke  is  pushed 
up  from  the  lever  n  and  eccentric  h  on  the  main  shaft  Electric  ignition 
was  employed  from  the  first.  The  manufacture  of  the  Benz  engine  has 
now  practically  been  given  up,  except  for  motor  cars. 

Daimler. — This   engine  was    constructed  by  the    Daimler   Motoren 
Gesellschaft  at   Cannstadt,    near    Stuttgardt ;    the    French   makers  are 
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MM.  Panhard  and  Levasseur  at  Paris.  A  Daimler  motor  was  shown 
at  the  Paris  Exhibition  of  1889.  It  had  several  novel  and  interesting 
features,  the  chief  of  which  were  its  great  speed  and  the  purity  of  the 
charge,  due  to  the  complete  expulsion  of  the  products  of  combustion. 
The  original  motor  had  one  cylinder ;  the  later  type  is  vertical  with  two 
cylinders.  It  is  now  chiefly  driven  with  oil,  and  as  a  petroleum  motor 
for  small  powers  has  had  much  success. 

In  the  modern  engine  the  parts  are  enclosed,  to  protect  them  from 
dust,  and  a  reservoir  is  thus  formed,  into  which  air  is  introduced,  and 
compressed  by  the  action  of  the  piston.  There  are  two  cylinders  and 
two  pistons,  placed  diagonally  at  a  slight  angle  above  the  horizontal 
motor  shaft,  and  working  down  through  two  connecting-rods  upon  two 
cranks.  The  explosion  in  one  cylinder  is  sufficient  to  drive  both  cranks 
through  one  revolution.  The  engine  is  of  the  four-cycle  type,  the  usual 
operations  being  performed  alternately  in  each  cylinder.  The  gases  are 
admitted  through  an  automatic  valve  during  the  down  stroke  of  the  one 
piston,  and  simultaneously  expanded  by  the  down  stroke  of  the  other, 
which  is  the  working  stroke.  The  next  up  stroke  compresses  the  charge 
in  one  cylinder  into  the  hot  ignition  tube,  where  it  is  fired  without  a 
timing  valve,  and  expels  the  burnt  products  in  the  other.  There  are 
two  air  admission  valves  to  eaxjh  cylinder.  One  in  the  centre  of  the 
piston  is  lifted  by  forks  during  the  up  stroke,  and  closed  by  the  pressure 
above  it.  The  other  air  valve  at  the  side  opens  automatically  to  admit 
air  from  without  to  supply  the  reservoir.  As  the  latter  fills,  the  pistons 
descend,  compressing  the  air  below  them.  Having  reached  the  lower 
dead  point,  they  begin  to  return,  the  products  of  combustion  being 
behind  the  one,  and  the  fresh  charge  behind  the  other.  The  piston 
valves  are  then  lifted,  the  air  from  below  mingles  with  the  fresh  charge 
in  one  cylinder,  and  is  further  compressed;  in  the  other  it  drives  out 
the  products  before  it.  The  speed  is  regulated  by  the  governor  acting 
on  the  exhaust  valve  by  means  of  a  lever,  and  keeping  it  closed  a  longer 
or  a  shorter  time,  according  to  the  load. 

Diirkopp. — The  Diirkopp  gas  engine,  made  by  the  Bielef elder 
Nahmaschinen-Fabrik,  is  another  four-cycle  motor,  now  little  made. 
In  the  vertical  type  the  cylinder,  and  the  admission,  ignition,  and  ex- 
haust valves  are  below,  and  the  connecting-rod  works  upward  on  to  the 
crank.  The  motor  shaft  is  above,  and  carries  on  one  side  the  flywheel 
and  driving  pulley,  on  the  other  a  vertical  side  shaft  worked  by  wheels 
2  to  1.  In  both  the  horizontal  and  vertical  engines  all  the  valves  are 
driven  by  cams.  Air  and  gas  are  admitted  at  the  side,  and  pass  into  the 
mixing  chamber  through  a  valve  lifted  by  a  cam,  which  also  opens  the 
exhaust.     To  obtain  a  quiet  discharge,  part  of  the  gases  are  allowed  to 

escape  through  a  smaller  valve,  before  the  main  exhaust  valve  opens. 

12 
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Ignition  is  by  hot  tube.  The  rotary  ball  governor  acts  on  the  "  hit-and- 
miss  "  principle  on  the  gas  admission  valve,  and  closes  it  if  the  normal 
speed  is  exceeded. 

Dresdener    Gas -Motor. — The  gas    engine    brought  out  by   the 
Dresdener  Gas-Motoren  Fabrik  (Hille's  patent)  is  a  compact  and  well- 
made  engine,  single-acting,  both  vertical   and  horizontal.     About  600 
engines  are  sold  annually,  and  the  makers  claim  to  have  supplied  a  total 
of  5,500,   developing  35,000    H.P.      Like    many  engines  which   have 
appeared  since  the  expiration  of  the  Otto  patent,  it  adheres  very  closely 
in  working  details  to  that  type.     It  has  the  usual  sequence  of  operations, 
admission,  compression,  explosion  plus  expansion,  and  exhaust,  and  there 
is  one  explosion  for  every  two  revolutions.     The  admission  and  exhaust 
valves  are  worked  by  cams  from  a  valve  shaft  driven  from  the  crank 
shaft  in  the  usual  way.     A  slide  vaJve  at  the  side  of  the  cylinder,  acted 
on  by  a  valve-rod  from  the  same  shaft,  governs  the  hot-tube  ignition  in 
some  of  the  smaller  sizes,  in  others  there  is  no  timing  valve.     Engines 
above  12  H.P.  are  fitted  with  electric  ignition.     For  small  powers,  from 
J  to  6  H.P.,  these  engines  are  made  vertical,  with  a  pendulum  governor, 
and  run  at  180  to  230  revolutions  per  minute.     For  powers  from  J  to 
100  H.P.,  a  horizontal  single-cylinder  type,  making  250  to  150  revolu- 
tions per  minute,  is  used,  with  a  centrifugal  governor.     Where  great 
regularity  is  required,  as  for  electric  lighting,  the  engines  have  two 
flywheels,  and  are  made  in  sizes  from  3  to  100  B.H.P.     In  the  latest 
types  the  speed  is   regulated  by  a  pendulum  governor,  acting  on  the 
valve  admitting  the  charge  to  the  cylinder.      Under  normal  working 
conditions  this  valve  is  always  held  open  by  a  spring,  the  gas  and  air 
valves  being  driven  by  gearing.     A  lever  worked  by  a  cam  carries  a  pro- 
jection, which  usually  passes  another  on  the  lever  of  the  admission  valve, 
and  the  latter  remains  open.      If  the  normal  speed  is  exceeded,  the 
pendulum  governor  causes  the  two  projections  to  strike  against  each 
other,  the  admission  valve  is  closed,  and  no  charge  reaches  the  cylinder. 
In  other  engines  the  governor  acts  in  the  same  way  on  the  gas  valve. 
Trials  on  the  Dresdener  engine  have  been  made  by  Professors  Schottler 
and  Levicki.     The  former  tested  a  16J  B.H.P.  engine  at  Dresden,  and 
found  the  consumption  to  be  24  cubic  feet  of  town  gas  per  B.H.P.  hour. 
Professor  Levicki  experimented  on  a  6*8  B.H.P.  engine,  the  consumption 
in  which  was  nearly  26  cubic  feet  of  town  gas  per  B.H.P.  hour,  and  the 
mechanical  eflSciency  90  per  cent.     These  engines  are  also  made  to  work 
with  power  gas  from  generators  on  the  Dowson  system,  supplied  by  the 
makers,  and  with  suction  gas  producers,  more  than  fifty  of  which  are  at 
work. 

Kappel. — The  Maschinen-Fabrik  Kappel,  at  Chemnitz,  Saxony,  have 
introduced  a  gas  engine,  similar  in  many  respects  to  the  Otto.     In  the 
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earlier  type  the  exhaust  was  opened  by  two  projections  and  a  roller 
worked  from  an  eccentric  on  the  valve  shaft ;  the  second  projection 
opened  the  exhaust  at  starting,  during  the  compression  stroke.  Air  and 
gas  were  admitted  through  lift  valves,  and  ignition  was  through  a  small 
slide  valve  at  the  side  of  the  cylinder.  As  now  made,  the  exhaust,  gas, 
and  air  admission  valves  are  worked  by  cams  from  a  side  shaft.  Hot- 
tube  ignition,  is  only  used  for  the  small  sizes,  above  10  H.P.  ignition  is 
by  electricity.  The  engine  is  governed  by  a  pendulum  or  rotary  ball 
governor,  which  shifts  the  stepped  cam  opening  the  gas  valve  according 
to  the  load.  In  engines  worked  with  producer  gas  the  governor  acts  on 
both  the  gas  and  the  air  passages.  The  engine  is  started  in  various  ways. 
If  a  steam  engine  is  available,  it  can  be  connected  by  friction  coupling. 
Sometimes  compressed  air  is  used ;  the  smaller  sizes  are  set  in  motion  by 
a  handle  on  the  crank  shaft  with  a  patent  safety  arrangement,  to  prevent 
the  engine  starting  backwards.  The  method  most  recommended  is  a 
small  auxiliary  motor  which,  if  the  engine  is  driven  by  gas  from  a 
suction  gas  producer,  can  also  be  used  for  the  air  blast  to  start  com- 
bustion. The  piston  is  lubricated  by  oil  under  pressure,  the  bearings 
and  driving  gear  by  oil  from  a  tank  below  the  crank  shaft.  The  engine 
is  made  horizontal  from  1  to  120  H.P.,  and  runs  at  240  to  160  revolu- 
tions per  minute.  A  small  vertical  type  for  domestic  use  is  also  made, 
to  work  with  either  gas  or  oil,  from  1  to  3  H.P.,  with  a  speed  of  350 
revolutions  per  minute. 

IiiitBky. — The  construction  of  this  interesting  little  engine  by  the 
Nuremberg  Maschinen-Bau  Gesellschaft  has  now  been  relinquished  in 
favour  of  the  larger  and  more  important  engines  they  make  in  conjunction 
with  the  Augsburg  Maschinen-Fabrik  (3ee  p.  165),  but  it  had  several 
ingenious  features,  which  should  not  be  passed  over.  As  made  a  few 
years  ago,  the  engine  was  vertical,  with  the  cylinder  at  the  top,  the 
piston  working  down  through  a  connecting-rod  upon  the  crank  shaft, 
placed  in  a  hollow  conical  base  plate  below.  Admission  was  by  two 
automatic  lift  valves  at  the  top  of  the  cylinder.  Through  the  first  the 
gas  passed  into  the  mixing  chamber,  the  second  rose  to  admit  the  charge 
of  gas  and  air  into  the  cylinder,  the  two  being  so  connected  by  levers 
that  the  lift  of  the  admission  valve  aJso  raised  the  gas  valve.  Neither 
valve  could  act  while  the  exhaust  was  open.  The  governor  regulated 
the  speed  by  holding  the  exhaust  closed,  on  the  "  hit-and-miss  "  principle. 
In  a  type  described  by  Schottler,  the  admission  valve  was  opened  by  rods 
acted  on  by  a  tappet  on  a  disc,  rotated  by  a  lever  from  the  crank  shaft. 
The  governor  operated  on  the  disc  in  the  same  way  as  already  described. 
A  6  H.P.  Liitzky  engine  was  tested  by  Professor  Schottler  in  Germany. 
At  a  mean  speed  of  200  revolutions  per  minute,  the  consumption  of  town 
gas  was  24  cubic  feet  per  I.H.P.  hour.     Good  drawings  of  this  engine 
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will  be  found  in  the  Zeitschrift  des  Vereines  deutseJier  Ingenieuire,  August 
22,  1891. 

The  construction  of  gas  and  oil  engines  by  the  Berliner  Maschinen- 
Bau  Gesellschaft,  formerly  Schwartzkopf  (Kaselowsky's  patent)  has  now 
been  discontinued. 

Sombart. — The  Sombart  engine,  formerly  made  by  the  firm  of  Buss, 
Sombart  &  Cie.,  afterwards  by  Fried.  Krupp,  Grusonwerk,  Magdeburg, 
and  by  the  combined  firms  of  the  JVlaschinen-Fabrik  Augsburg  and 
Nuremberg,  was  first  exhibited  in  1886.  It  is  one  of  the  oldest  German 
engines,  and  was  originally  made  yei*tical,  the  charge  being  admitted 
through  a  slide  valve  and  fired.  In  some  respects  it  resembled  the 
Adam  and  Koerting,  and  the  ordinary  four-cycle  was  used.  Ignition 
was  obtained  by  the  propagation  of  an  external  flame  through  a  passage 
in  the  slide  valve,  an  arrangement  afterwards  superseded  by  hot-tube 
ignition.  The  gas  and  air  were  admitted  through  a  slide  valve  acted  on 
by  a  rod  from  an  eccentric  on  the  valve  shaft,  the  exhaust  was  opened 
from  it  by  means  of  a  roller  and  levers. 

The  makers  of  the  engine  considered  that  a  high  speed  was  inadvis- 
able, and  few  of  their  motors  were  intended  to  be  driven  at  more  than 
150  revolutions  per  minute.  They  maintained  that  it  is  more  advan- 
tageous to  run  a  gas  engine  at  a  comparatively  low  speed,  and  that  the 
gain  in  power  obtained  by  increasing  the  number  of  revolutions  is 
counterbalanced  by  the  wear  and  tear,  and  the  greater  consumption  of 
gas  and  oil.  Two  vertical  and  two  horizontal  engines  were  exhibited 
at  Chicago.  In  the  horizontal  type  all  the  valves  were  worked  by  cams 
on  a  valve  shaft  driven  2  to  1  from  the  crank  shaft.  The  speed  was 
controlled  by  an  inertia  governor,  acting  by  the  partial  or  total  sup- 
pression of  gas,  and  could  be  varied  while  the  engine  was  running.  In 
some  types  ignition  was  effected  by  a  lift  valve  driven  by  a  lever  from 
the  rod  working  the  admission  valve,  and  in  engines  intended  for  driving 
dynamos  the  quantities,  both  of  gas  and  air,  were  automatically  varied  by 
the  governor,  in  accordance  with  the  load.  Drawings  of  the  earlier  type 
of  the  Sombart  engine  will  be  found  in  Schottler,  and  of  the  later  in  Witz. 

Capitaine — Theory. — Among  engines  introduced  within  the  last 
twenty  years,  an  interesting  and  original  motor  is  the  vertical  Capitaine. 
In  a  paper  communicated  to  the  Verein  deutacher  Ingeriieure  (vol.  xxxiv. 
of  the  Zeitschrift),  the  inventor,  Herr  Capitaine,  maintains  that  the 
greater  the  number  of  revolutions,  the  better  results  will  be  obtained. 
At  the  same  time  he  advances  the  somewhat  novel  (point,  that  the  piston 
speed  may  be  quite  different  from,  and  independent  of,  the  speed  of  expan- 
sion of  the  gases.  Though  usually  classed  together,  the  two  are  not 
synonymous,  and  their  effect  is  by  no  means  the  same.  If  an  engine  be 
constructed,  running  at  a  certain  speed,  witli  a  small  diameter  of  cylinder 
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and  a  long  stroke,  the  speed  of  the  piston  will  be  considerable,  and  the 
speed  of  expansion  relatively  small.  On  the  other  hand,  if  another 
engine,  going  at  the  same  speed,  have  a  short  stroke  and  a  large  diameter 
of  cylinder,  the  piston  speed  will  be  relatively  small,  and  the  speed  of 
expansion  great.  Combustion,  however,  can  never  be  instantaneous,  and 
therefore  the  speed  of  the  piston  should  be  limited  to  the  rate  of  com 
bustion  of  the  charge.  In  Capitaine's  opinion,  the  Otto  engine  owes  its 
success  partly  to  the  carefully  designed  ratio  between  combustion  and 
the  speed  at  which  the  gases  expand.  To  every  speed  of  revolution  in  a 
gas  engine,  a  certain  rate  of  combustion  corresponds.  Hitherto  attempts 
to  increase  the  efficiency  have  been  made  by — 1,  More  or  less  rapid  com- 
bustion ;  2,  Raising  the  temperature  of  the  cylinder  walls ;  3,  More 
perfect  expansion  of  the  gases ;  4,  More  complete  expulsion  of  the  pro- 
ducts of  combustion ;  5,  Greater  compression.  All  these  improvements, 
combined  with  a  suitable  rate  of  combustion,  have  yielded  good  experi- 
mental results.  To  obtain  greater  economy  in  a  gas  engine,  Capitaine 
considers  that  expansion  ought  to  be  more  rapid,  and  explosion  practic- 
ally instantaneous  ;  the  diameter  of  the  cylinder  should  be  increased,  and 
the  stroke  shortened. 

The  disadvantages  of  running  at  high  speed  are,  the  wear  and  tear  of 
the  engine,  uncertain  ignition,  incomplete  combustion,  and  the  vibration. 
Against  these  drawbacks  Herr  Capitaine  sets  the  gain  of  reduction  in 
size  and  cost.  If  an  engine  can  be  made,  without  overheating,  to  run  at 
twice  as  many  revolutions  per  minute  as  another,  its  dimensions  may  be 
smaller,  it  will  be  lighter,  less  expensive,  and  the  cost  of  transport  lower. 
Hitherto,  when  engines  have  been  tested  at  high  speeds,  no  great  gain  in 
economy  has  been  observed.  Being  constructed  to  run  at  a  given  number 
of  revolutions  per  minute,  and  their  ports  proportioned  to  this  speed, 
and  to  a  given  rate  of  combustion,  they  cannot  be  expected  to  work  as 
efficiently,  when  they  are  driven  at  a  much  higher  speed.  The  whole  of  the 
charge  cannot  reach  the  igniting  chamber  of  the  cylinder  at  the  moment 
of  explosion  ;  part  of  it  is  ignited  afterwards,  and  expands  too  late  to  act 
usefully  on  the  piston.  Capitaine  found,  when  testing  an  engine  con- 
structed to  run  at  a  high  speed,  that,  when  making  320  revolutions  per 
minute,  an  excellent  indicator  diagram  was  obtained.  When  the  speed 
was  increased  to  800  revolutions,  the  efficiency  was  much  lower,  and 
diminished  in  proportion  to  the  increase  of  speed.  The  number  of  revolu- 
tions should  not  be  in  excess  either  of  the  speed  of  propagation  of  the 
flame,  or  the  development  of  pressure  in  the  gas.* 

*  See  on  the  sabject  of  speed  in  gas  engines  the  summary  of  Dr.  Slaby's  experi- 
ments in  Appendix  C.  The  remarks  in  the  text  scarcely  apply  to  the  latest  gas  engine 
practice,  in  which  motors  are  made  for  powers  so  much  larger  than  were  usual  ten 
years  ago,  that  the  speed  of  revolution  is  of  necessity  kept  within  moderate  limits  (1905). 


UAS,  OIL,  AND  AIR  ENGINES. 


Capitaine  Engine. — The  piston  apeed  in  feet  per  minute  is  the  same 
in  the  Capitaine  aa  in  other  motors,  but  the  number  of  revolutions,  or 
speed  of  expansion  of  the  gases,  is  said  to  be  doubled.     It  is  also  claimed 


Fig.  94.— Capitaioe  Gas  Engiao — Sectional  Elevation. 
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for  this  engine  that  the  incoming  charge  is  separated  from  the  products  of 
combustion,  and  not  allowed  to  mingle  with  them.  The  engine  is  of  the 
single-acting  vertical  four-<iycle  type,  and  the  disposition  of  the  valves  and 
working  parts  is  similar  to  that  of  the  Liitzky.  As  originally  made  the 
cylinder  A  (Fig.  94)  is  at  the  top,  and  the  piston  P  works  down  upon  the 
crank  shaft  K.  Gas  and  air  are  admitted  from  above,  through  a  double- 
seated  automatic  lift  valve,  with  spring  S.  The  air -enters  at  D,  and 
passes  down  into  the  wide  port  through  the  bottom  of  the  valve  at  c,  the 
gas  through  the  upper  seat  at  /.  Thus  they  mingle  in  the  annular 
chamber  formed  by  the  valve,  which  imparts  to  them  a  rapid  circular 
motion,  and  then  impinge  against  a  projection  g,  but  the  wide  diameter  of 
the  port  is  said  to  check  their  velocity.  By  this  means  the  fresh  charge 
does  not  mix  with  the  gases  of  combustion,  which  are  discharged  through 
the  exhaust  port  E  at  the  side. 

The  piston  having  drawn  in  the  charge,  the  up  compression  stroke 
drives  it  into  the  hot  ignition  tube  B,  into  which  a  portion  of  the  incom- 
ing charge  has  already  been  directed.  As  there  is  no  timing  valve  the 
gases  enter  freely,  and  the  mixture  is  said  to  ignite  more  readily,  because 
part  of  it  is  already  in  contact  with  the  hot  ignition  tube.  The  exhaust 
valve  E  is  driven  by  a  rod  from  an  eccentric  H  on  the  crank  shaft. 
Above  the  termination  of  this  rod  is  a  hollow  lever,  into  which  the  pro- 
jecting end  of  the  exhaust  spindle  fits  at  every  revolution.  But  it  is  only 
at  every  other  revolution  that  a  second  lever  is  interposed  between  them, 
and  the  eccentric,  pushing  up  both  levers,  reaches  and  opens  the  exhaust 
valve.  A  drawing  of  the  arrangement  will  be  found  in  Schottler,  third 
edition. 

The  centrifugal  governor  G  on  the  crank  shaft  acts  through  a  rod  r, 
and  a  catch  on  the  lever  opening  the  exhaust.  If  the  speed  be  too  great 
the  rod  is  drawn  outwards,  the  knife  edge  of  the  lever  misses  the  catch, 
the  exhaust  valve  remains  open,  and  no  fresh  charge  can  enter  till  the 
speed  is  reduced.  In  a  trial  on  a  3*36  B.H.P.  engine,  with  a  cylinder 
diameter  of  6'6  inches  and  6*4  inches  stroke,  and  making  300  revolutions 
per  minute,  27  cubic  feet  of  town  gas  were  used  per  B.H.P.  hour.  The 
engine  is  now  made  by  the  Maschinen-Bau  Gesellschaft,  Leipzig-Plagwitz, 
and  in  England  by  Messrs.  Tolch,  of  Fulham.  It  has  been  often  exhibited, 
but  is  now  chiefly  worked  with  petroleum  (see  Part  II.). 

The  Berlin-Anhaltisohe  Masohinen-Bau  Qesellsohaft  were,  till 
lately,  makers  of  engines  of  the  usual  four-cycle  type.  At  the  Berlin 
Exhibition  of  1896  they  showed  a  60  H.P.  horizontal  engine  running  at 

* 

158  revolutions  per  minute.  The  gas,  admission,  and  exhaust  valves,  and 
a  timing  valve  for  the  hot  tube,  were  worked  by  cams  from  the  valve 
shaft.  The  engine  was  started  by  means  of  a  little  vertical  f  H.P.  motor, 
filled  with  compressed  explosive  mixture  from  the  larger  engine  while 
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running.  This  motor  carried  a  second  valve  in  the  compression  space, 
through  which  the  compression  chambers  of  the  two  engines  were  placed 
in  communication.  The  ignition  tube  being  shut  off,  the  larger  engine 
was  filled  with  the  compressed  mixture,  the  timing  valve  then  released, 
and  the  charge  fired.  As  connection  with  the  auxiliary  engine  was  made 
through  an  automatic  valve,  the  pressure  in  the  larger  cylinder  when  at 
work  disconnected  the  two.  In  an  engine  giving  14-8  B.H.P.  at  a  speed 
of  198  revolutions  per  minute  the  consumption,  in  a  trial  by  Professor 
Meyer,  was  17*8  cubic  feet  per  B.H.P.  hour  of  gas  of  560  B.T.U.  heating 
value  per  cubic  foot. .  This  firm  now  devote  themselves  entirely  to  the 
manufacture  of  the  Oechelhaueser  two-cycle  engine  (see  p.  173). 

The  same  may  be  said  of  the  impoi*tant  firm  of  Borsig  (Berlin-Tegel) 
who  exhibited  a  small  four-cycle  engine  at  Berlin  in  1896,  but  now  build 
only  the  Oechelhaueser  for  large  powers,  as  described  at  p.  168.  In  this 
earlier  engine  the  automatic  gas  and  air  admission  valves  were  connected, 
and  both  were  lifted  by  the  vacuum  in  the  cylinder.  The  exhaust  was 
driven  by  an  eccentric  through  vibrating  levers  working  in  a  slot.  A 
knife-blade  connected  these  levers  with  the  eccentric-rod  during  the 
exhaust  stroke,  but  w^hen  the  admission  valve  rose  it  carried  with  it  the 
vibrating  lever  and  the  exhaust  valve-rod,  and  the  connection  with  the 
knife-blade  was  missed,  till  the  pressure  in  the  cylinder  fell.  Through 
this  knife-blade  the  governor  acted  on  the  exhaust  valve,  and  held  it 
closed  if  the  normal  speed  was  exceeded. 

Three  small  engines  of  the  usual  four-cycle  type,  the  manufacture  of 
which  has  now  been  discontinued,  are  the  Werdaa,  the  Januschek, 
and  the  engine  made  by  the  Saohsenburger  Masohinen  Fabrik.  A 
description  of  them  will  be  found  in  the  third  edition. 

A  gas  engine,  vertical  and  horizontal,  has  been  made  for  many  years 
by  Baldwin  Bechstein,  of  Altenburg.  It  is  a  comparatively  slow- 
running  motor  of  the  ordinary  four-cycle  type,  and  carries  a  slide  valve 
for  admitting  the  gas  and  air,  and  a  flame  for  igniting  the  charge,  worked 
from  the  crank  shaft  by  geared  wheels,  2  to  1,  and  a  rod.  The  governor 
acts  on  the  gas  valve,  and  regulates  the  supply  according  to  the  load ;  the 
exhaust  is  driven  from  the  auxiliary  shaft.  Another  type  has  lift  valves 
driven  by  gearing  and  hot-tube  ignition ;  in  most  respects  the  engine 
resembles  the  Otto.  In  the  vertical  type  the  crank  and  connecting-rod 
are  enclosed  in  a  chamber  filled  with  oil,  which  is  picked  up  by  the 
crank,  and  dashed  over  the  working  parts  ;  in  the  horizontal  engines 
centrifugal  lubrication,  with  sight  feeders  to  supply  oil  to  the  piston,  is 
used.  The  Bechstein  motors  are  fitted  with  a  patented  arrangement  to 
show  the  quantity  of  oil  used  per  stroke,  thus  enabling  the  consumption 
to  be  verified  at  any  moment.  The  engine  is  made  vertical  from  ^  to  3 
H.P.,  horizontal  from  2  to  20  H.P.,  and  runs  at  350  to  160  revolutions 
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per  minute,  according  to  size.  It  is  also  coupled  to  a  suction  gas  pro- 
ducer (see  p.  234). 

Langensiepen. — Like  many  other  German  firms,  Richard  Langen- 
siepen,  of  Magdeburg,  has  lately  brought  out  a  horizontal  gas  engine,  to 
'wrork  chiefly  with  a  suction  gas  producer  of  his  own  construction.  The 
nootor  is  of  the  usual  four-cycle  type,  with  valves  driven  by  gearing  from  an 
auxiliary  shaft.  The  governor  acts  on  the  hit-and-miss  system  in  engines 
intended  for  ordinary  work ;  for  driving  dynamos,  the  quantity  of  the 
charge  is  regulated,  the  composition  of  the  mixture  remaining  the  same. 
Ignition  is  by  hot  tube  in  engines  worked  with  lighting  gas,  and  by 
electricity  where  the  motive  power  is  furnished  by  suction  producers. 
The  engine  is  made  vertical  for  1  and  1^  H.P.,  horizontal  from  2  to 
125  H.P.,  and  runs  at  300  to  180  revolutions  per  minute. 

The  engine  made  by  Seek,  of  Oberursel,  and  known  as  the  "  Gnome,'' 
is  chiefly  intended  for  use  with  petroleum,  and  a  description  will  be  found 
in  the  Oil  Engine  Section.  It  is  now  constructed  also  for  gas,  especially 
to  work  with  a  suction  'gas  producer  (see  p.  234).  A  distinguishing 
characteristic  is  that  the  engine  has  no  valve  shaft,  the  valves  being 
driven  by  eccentrics  from  the  main  shaft.  Ignition  is  usually  by  a  hot 
tube.  As  a  gas  engine  the  '*  Gnome  "  is  made  vertical  only  in  sizes  from 
i  to  20  H.P.,  with  a  speed  of  400  to  250  revolutions  per  minute. 

Austrian  Engn^nes. — B&nki. — This  engine  is  made  on  the  Bdnki  and 
Csonka  system,  by  Ganz  &  Cie.,  of  Buda-Pesth,  and  is  much  used  in 
Austria,  especially  when  driven  with  oil,  for  agricultural  and  other 
industrial  purposes.  Several  motors  were  shown  at  the  Buda-Pesth 
Exhibition  in  1896.  The  gas  engines  are  of  the  ordinary  four-cycle  type, 
vertical  only,  and  are  similar  to  the  Bdnki  oil  engine,  described  in  detail 
in  Part  II. ;  it  is  in  fact  the  latter  which  has  been  adapted  to  work  with 
lighting  and  power  gas.  The  principle  of  water  injections  in  the  admis- 
sion passage  has  been  retained,  but  a  double-seated  automatic  valve,  to 
admit  the  gas  and  air,  has  been  substituted  for  the  oil  pulveriser.  The 
inertia  governor,  as  in  the  oil  engine,  is  on  the  valve  shaft.  If  the 
normal  speed  is  exceeded  a  lever  is  interposed  below  the  exhaust  valve- 
rod,  and  prevents  its  descent,  while  the  admission  valve  is  so  connected  to 
it  that  the  governor  holds  the  latter  closed  at  the  same  time.  The  exhaust 
valve  of  this  engine  is  driven  by  gearing  from  a  cam  shaft,  and  ignition 
is  by  hot  tube  without  a  timing  valve.  The  engine  is  made  for  lighting 
gas  in  sizes  from  5  to  50  H.P.,  and  runs  at  a  slightly  lower  speed  than 
when  driven  with  oil.  The  consumption  is  said  to  be  about  15 J  cubic 
feet  of  gas  per  B.H.P.  hour. 

A  description  of  the  Bdnki  gas  hammer  will  be  found  in  the  Third 
Edition,  p.  156. 

Langen  and  Wolf,  of  Vienna  and  Buda-Pesth,  make  engines  of  the 
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ordinary  four-cycle  Otto  type,  with  lift  valves  and  hot-tube  ignition. 
They  claim  to  construct  the  "  original  Otto "  engine  with  various  im- 
provements. Motors  intended  for  driving  dynamos  are  governed  by 
varying  the  supply  of  gas.  They  are  made  in  sizes  from  1  to  125  H.P. 
with  one  cylinder,  and  up  to  160  H.P.  with  two  cylinders,  and  are  also 
adapted  for  use  with  power  gas. 

Swiss  Engines. — By  far  the  largest  and  most  important  firm  con- 
structing engines  in  Switzerland  is  the  Sohweiserisohe  Masohinen- 
Fabriky  at  Winterthur,  who  exhibited  several  gas  and  oil  engines  at 
Geneva  in  1896.  They  were  all  of  the  usual  four-cycle  type,  with  valves 
driven  by  gearing  from  the  crank  shaft  through  a  counter  shaft  2  to  1. 
Like  many  other  Continental  makers,  this  firm  now  build  engines  on  a 
large  scale,  to  work  chiefly  with  Dowson  and  suction  gas  producers.  So 
far  these  motors  are  all  single-acting,  although  experiments  with  double- 
acting  engines  are  now  in  progress.  In  a  50  H.P.  engine,  constructed 
for  use  with  Dowson  gas,  the  timing  valve  to  the  hot  tube,  the  exhaust, 
and  the  starting  gear  are  worked  by  cams  from  the  valve  shaft,  the 
admission  of  gas  and  air  by  an  eccentric  on  the  same  shaft.  The  governor 
acts  upon  this  eccentric,  and  cuts  off  the  admission  earlier  or  later,  ac- 
cording to  the  speed.  The  engine  is  started  by  compressed  air  intro- 
duced into  the  cylinder  from  a  separate  air  reservoir,  the  exhaust  being 
held  open  by  a  special  cam,  shifted  or  brought  into  play  by  a  handle. 

In  their  latest  type  of  gas  engine  the  speed  is  regulated  by  a  rotary 
ball  governor,  driven  from  the  auxiliary  shaft.  All  the  valves  are  con- 
tained in  a  valve  chest  which,  together  with  the  exhaust  valve,  is  cooled 
by  a  separate  circulation  of  water.  The  admission  chamber  has  two 
double-seated  valves,  one  for  introducing  the  gas  and  air,  the  other 
regulates  their  admission  to  the  cylinder.  Both  are  opened  at  the  same 
moment  of  the  stroke,  but  their  lift  and  time  of  closing  are  varied  accord- 
ing to  the  load.  The  quality  of  the  charge  is  not  affected,  but  the 
governor  acts  on  the  volume,  and  therefore  on  the  degree  of  compression. 
Expansion  being  the  same,  however  reduced  the  volume  of  the  charge,  the 
pressure  is  lower  if  the  load  diminishes,  and  there  is  said  to  be  less  strain 
on  the  working  parts.  The  exhaust  valve  is  worked  by  a  system  of 
levers,  the  proportional  lengths  of  which  diminish  the  stress  of  lifting 
the  heavy  valve,  and  ensure  its  quiet  action.  Ignition  is  by  electricity, 
and  the  engine  is  lubricated  by  automatic  sight  feeders  and  oil  under 
pressure.  The  most  important  plant  the  firm  have  yet  built  is  at  the 
Embrach  Potteries,  near  Winterthur,  where  there  are  three  Dowson  gas 
producers,  three  of  their  engines,  each  developing  100  H.P.,  and  one  of 
40  H.P.  The  producers  are  placed  below  the  floor  of  the  engine-room, 
the  hoppers  to  receive  the  fuel  being  on  a  level  with  the  ground ;  drawing 
out  the  ashes  and  cleaning  the  fires  take  place  in  a  basement  space.     All 
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the  machines  in  the  Potteries  are  driven  by  electricity  furnished  by  the 
three  100  H.P.  engines,  the  40  H.P.  engine  supplies  the  electric  light. 
They  are  started  by  compressed  air  from  a  small  electric  motor.  Careful 
tests  on  this  well-arranged  plant  determined  the  consumption  at  0-87  lb. 
of  fuel  per  B.H.P.  hour.  The  Schweizerische  Maschinen-Fabrik  make 
horizontal  engines  with  one  cylinder  from  2  to  150  H.P.,  with  two 
cylinders  up  to  300  H.P.,  the  speed  varying  from  240  to  150  revolu- 
tions per  minute.  With  suction  gas  producers  they  claim  to  have 
achieved  much  success,  and  have  hitherto  supplied  engines  and  plants 
from  20  to  50  H.P.  They  are  now  putting  down  a  plant  with  three 
suction  gas  producers  and  three  engines,  each  of  220  H.P.,  at  Bilboa 
in  Spain.  Several  hundreds  of  these  producers  are  at  work,  with  a  total 
of  nearly  3,500  H.P. 

The  Aotien  G^esellschaft,  formerly  MM.  Martini,  of  Frauenfeld, 
make  oil  and  gas  engines  of  the  Otto  type,  with  hot-tube  ignition,  but 
since  1900  they  have  not  built  many.  A  small  gas  engine  was  exhibited 
at  Geneva  in  1896,  in  which  the  vertical  valve  shaft  was  at  right  angles 
to  the  axis  of  the  crank  shaft,  from  which  it  was  driven  by  wheels  2  to  1. 
A  cam  on  this  shaft  worked  the  gas  valve  through  a  rod,  and  if  the 
normal  speed  was  exceeded  the  ball  governor  on  the  top  of  the  shaft 
shifted  the  rod,  and  the  valve'  was  not  opened.  The  admission  valve 
was  automatic,  the  exhaust  driven  from  an  eccentric,  and  the  products  of 
combustion  were  discharged  through  the  base. 

MM.  Esoher,  Wyes  &  Cie.  also  make  gas  engines  of  the  ordinary 
four-cycle  type,  single  cylinder,  with  hot-tube  ignition  and  rotary  ball 
governor.  The  valves  are  driven  by  cams  from  a  side  shaft  geared  to 
the  crank  shaft.  The  horizontal  engines  are  in  sizes  from  2  to  60  H.P., 
and  run  at  250  to  180  revolutions  per  minute.  In  a  new  vertical  type, 
the  *<  Meteor,"  the  crank  and  crank  shaft  are  enclosed  in  a  casingj  to 
preserve  them  from  dust.  The  engine  is  made  from  1  to  12  H.P.,  and  is 
said  to  work  very  quietly,  in  spite  of  a  speed  of  370  to  330  revolutions 
per  minute. 
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CHAPTER    X. 
GAS  PRODUCTION  FOR  MOTIVE  POWER. 

CoNTBNTS.  —  Gaseous  Fuel  —  Natural  Gas  —  Coal  Gas  —  Distillation  —  Combustion- 
Water  Gas— History — Dell¥nk  System— Gas  Producers— Bischof— Thomas  and 
Laurent  —  Kirkham  —  Siemens  —  Pascal  —  Tessi^  du  Motay  —  Strong  —  Lowe — 
Loomis — Chemical  Processes. 

The  first  attempts  to  produce  gas  from  coal  were  made  as  an  experiment 
to  obtain  light,  without  any  intention  of  utilising  it  as  a  motive  force. 
The  process  of  extraction  was  too  costly  for  the  gas  to  be  employed  to 
drive  the  motors  invented  at  the  beginning  of  last  century,  and  many 
were  the  devices  described  by  the  patentees,  to  obtain  a  suitable  explo- 
sive gas.  In  one  of  the  earliest  gas  engines,  brought  out  by  Street  in 
1794,  he  proposed  to  generate  a  gas  to  act  on  a  piston,  by  sprinkling  a 
few  drops  of  petroleum  or  turpentine  on  the  bottom  of  a  cylinder  kept  at 
a  red  heat.  The  liquid  was  evaporated,  exploded,  and  drove  up  the  piston. 
Barber  obtained  gas  for  driving  his  engine  by  heating  coal,  wood,  &c.,  in 
a  retort,  according  to  the  method  now  practised  in  gas  works.  The 
process  of  making  gas  was  in  its  infancy,  carried  out  only  in  large  towns 
and  cities,  and  there  was  much  prejudice  against  it.  It  was  also  very 
dear.  Practically  in  those  days  there  was  no  gas  to  be  had,  and  it  was 
impossible  to  produce  it  cheaply,  for  driving  small  motors. 

Gktseous  Fuel. — As  a  fuel,  however,  coal  gas  was  used  long  before 
its  advantages  as  a  motive  force  were  perceived.  During  the  first  half 
of  last  century,  as  soon  as  the  great  value  of  steam  was  recognised,  the 
economical  use  of  coal  became  an  important  question.  Without  fuel, 
steam  could  not  be  generated,  but  although  this  is  still  usually  done 
by  burning  coal  under  a  boiler,  it  has  long  been  known  that  it  is  rather 
wasteful.  It  is  difficult  by  direct  combustion  to  obtain  temperatures  as 
high  as  when  gases  previously  extracted  from  the  fuel  are  burnt  For 
chemical  purposes,  where  great  heat  is  required,  gaseous  fuel  has  been 
in"  use  for  many  years.  Cheap  gas,  made  in  producers  or  generators,  is 
extensively  employed  in  the  manufacture  of  iron  and  steel,  and  other 
metallurgical  processes,  as  being  better  and  cheaper  than  burning  the  coal 
itself.  A  fresh  stimulus  was  given  to  its  production  as  soon  as  gas  engines 
began  to  attract  public  notice  and  favour.  It  was  seen  that  the  maxi- 
mum economy  in  driving  them  could  never  be  attained  as  long  as  they 
were  worked  with  town  gas,  and  inventors  have  for  more  than  a  quarter 
of  a  century  laboured  to  produce  a  cheaper  and  equally  efficient  gas.  a 


NATURAL  GAS.  1 89 

There  are  many  ways  of  extracting  gas  from  fuel.  The  composition 
of  different  gases  will  be  found  in  Chapter  xiv.,  and  it  is  only  necessary 
here  to  mention,  without  going  into  details,  the  methods  by  which  it  is 
obtained.  These  consist  in  bringing  together,  with  or  without  combus- 
tion, the  chemical  constituents  of  the  coal  and  air,  carbon,  oxygen, 
hydrogen,  and  their  compounds.  If  the  hot  fuel  is  moistened  with 
water  or  steam,  the  quantity  of  hydrogen  is  increased ;  if  air  be  intro- 
duced, a  much  greater  amount  of  oxygen  is  added.  In  either  case  the 
carbon  in  the  fuel  unites  with  the  oxgyen  of  the  air  or  of  the  water,  and 
more  carbon  monoxide  is  produced  than  when  the  gas  is  formed  from  the 
chemical  elements  contained  in  the  coal  only.  If  the  fuel  is  burnt  in  a 
closed  vessel,  and  steam  added  and  evaporated,  the  gas  produced  is  richer 
.  in  hydrogen  than  if  air  is  admitted.  When  air  is  introduced,  the  same 
process  takes  place,  but,  instead  of  hydrogen  being  liberated,  there  is  a 
large  residuum  of  inert  and  useless  nitrogen. 

Gaseous  fuel  may  be  divided  into  six  classes,  namely : — I.  Natural 
gas.  II.  Oil  gas,  obtained  from  petroleum,  vegetable  oil  and  refuse, 
shale,  fat,  resin,  &c.  III.  Carburetted  air,  or  air  saturated  with  volatile 
spirit.  rV.  Gas  extracted  from  coal,  wood,  peat,  and  other  varieties  of 
fuel,  either  by  distillation,  or  with  the  addition  of  air  or  water.  In  tho 
latter  case  it  is  called  power  gas,  water  gas,  or  producer  gas.  Y.  Blast- 
furnace gases,  or  gases  generated  during  the  production  of  pig  iron  from 
iron  ore.  VI.  Coke-oven  gases,  or  gases  given  off  from  coal  when  con- 
verted into  coke  for  these  furnaces.  We  will  now  proceed  to  consider 
generally  the  first  four  methods  of  gas-making ;  the  two  last  have  lately 
assumed  such  importance  that  their  applications  are  treated  in  a  separate 
chapter  (Chap.  xii.). 

I.  Natxiral  Qns. — The  process  of  generating  gas  from  coal,  or  from 
the  vegetable  substances  which  form  the  basis  of  coal,  is  carried  on  by 
Nature  as  well  as  by  man,  though  on  an  infinitely  larger  and  more 
gradual  scale.  The  gas  is  produced  by  the  heat  of  the  earth  and  the 
slow  combustion  of  chemical  decomposition.  Gases  exhaled  from  swamps 
and  commonly  known  as  *^  will  o'  the  wisp "  or  marsh  gas,  are  only  a 
variety  of  lighting  gas,  which  when  artificially  produced  contains  about 
40  per  cent,  of  marsh  gas.  As  the  decaying  vegetation  of  swamps,  bogs, 
and  forests  undergoes  further  decomposition  or  slow  combustion,  a  fresh 
layer  of  soil  is  formed  over  it,  and  it  passes  very  gradually  during  ages 
of  time  through  the  stages  of  peat,  lignite,  brown  coal,  and  eventually  to 
coal.  Time,  the  earth's  heat,  decomposition  and  oxidation,  apd  pressure 
frequently  cause  the  escape  into  the  atmosphere  of  the  gases  thus 
generated.  Of  this  the  disastrous  explosions  in  mines  afford  an  example. 
Marsh  gas  (usually  termed  "  fire  damp  "  or  *'  choke  damp  ")  distilled,  so 
to  speak,  from  coal,  and  at  a  high  pressure,  and  carbon  monoxide,  are 
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liberated  by  excavation,  and  nisb  into  tbe  mine  workings,  often  with 
fatal  consequences.  When  the  gases  find  a  natural  outlet  at  the  surface 
through  fissures  in  the  ground,  as  in  many  places  in  the  United  States, 
and  in  Russia  along  the  shores  of  the  Caspian  Sea  and  elsewhere,  they 
are  given  off  from  the  earth  harmlessly.  This  natural  gas,  consisting 
almost  entirely  of  marsh  gas,  is  of  excellent  quality  for  lighting  and 
heating  purposes,  and  contains  more  heat  than  artificially  made  gas. 
Formerly  it  was  allowed  to  escape  to  waste,  but  it  is  now  utilised,  and 
furnishes  much  of  the  lighting  gas  in  several  towns  of  the  United  States, 
and  is  also  extensively  used  to  drive  gas  engines.  For  its  composition, 
see  Table,  p.  300.  Two  trials  on  a  three-cylinder,  vertical,  four-cycle  90 
I.H.P.  Westinghouse  engine  at  Lafayette,  U.S.,  will  be  found  in  the 
Tables.  The  consumption  of  natural  gas  was  about  13  cubic  feet  per 
I.H.P.  hour.     Several  other  tests  have  also  been  made. 

Natural  gas  has  also  been  found  in  working  quantities  at  Heathfield, 
in  Sussex,  and  a  considerable  supply  is  believed  to  exist  within  a  radius 
of  12  to  20  miles.  The  gas  is  of  the  following  composition  : — Methane, 
93*4  per  cent. ;  ethane,  3  per  cent. ;  nitrogen,  2*7  per  cent. ;  carbon 
monoxide,  0*9  per  cent. ;  showing  that  it  is  almost  pure  marsh  gas.  It 
is  found  at  a  depth  of  300  feet,  and  is  of  about  12  candle-power.  It  is  used 
to  light  the  railway  station  and  part  of  the  village,  and  also  to  drive  gas 
engines,  in  which  the  consumption  is  from  13  to  15  cubic  feet  per  B.H.P. 
hour,  and  a  pressure  of  134  to  200  lbs.  per  square  inch  is  attained. 

II.  and  III.  The  methods  of  producing  gas  from  oil,  and  of  charging 
air  with  petroleum  or  other  spirit  (carburetted  air),  will  be  described  in 
the  second  part  of  this  work. 

lY.  Coal  Gas. — The  gas  used  for  lighting  and  heating  is  extracted 
from  coal  in  two  ways,  either  by — 

1.  Distillation,  or  the  application  of  external  heat  to  the  coal. 

2.  Combustion,  or  actual  ignition  of  the  coal. 

Distillation  produces  a  much  richer  gas,  and  is  the  process  universally 
used  in  gas  works.  The  cheaper  and  inferior  kinds  of  gas,  such  as  water 
or  producer  gas,  are  obtained  by  combustion.  These  are  employed  as 
fuel  instead  of  coal,  and  to  drive  gas  engines.  Professor  Witz  draws  a 
further  distinction  between  hot  and  cold  distillation ;  the  latter  is  chiefly 
employed  for  carburetted  air. 

1.  Distillation  of  Coal. — Tbe  earliest  method  of  obtaining  gas  from 
coal,  first  practised  by  Murdoch,  was  to  heat  the  coal  in  closed  retorts, 
and  distil  the  gas  from  it.  By  this  process  the  gases  are  given  off,  leaving 
a  residuum  of  coke,  &c.  As  the  air  is  carefully  excluded,  the  distilled 
products  contain  practically  no  gases  except  those  already  in  the  coal. 
Koughly  speaking,  two-thirds  of  the  constituents  are  hydrogen,  carbon, 
and  their  combinations.     It  is  only  of  late  years,  since  gas  motors  have 
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been  made  for  larger  powers,  tbat  the  need  of  a  cheap  substitute  for  this 
distilled  or  town  gas  has  been  felt.  As  long  as  it  was  required  only  for 
illumination,  the  quantity  used  by  each  consumer  was  too  small  to  make 
economy  of  production  a  relatively  important  question.  As  far  as  the 
heating  value  of  town  gas  is  concerned,  it  is  well  suited  for  driving 
a  motor,  but  it  is  unnecessarily  pure  for  this  purpose,  and  the  price  per 
1,000  cubic  feet  is  relatively  great.  To  pKoduce  town  gas  separately  for 
driving  small  motors  is,  of  course,  impracticable,  on  account  of  the  cost 
of  production,  &c.  For  some  time,  therefore,  much  attention  has  been 
paid  to  the  production  of  a  cheaper  gas,  less  pure,  but  not  liable  to 
deposit  carbon  in  the  passages  and  ports  of  a  motor. 

2.  CombuBtion  of  Coal. — The  second  method  of  manufacturing  gas 
is  by  burning  the  coal,  and  three  processes  are  employed,  each  producing 
a  different  kind  of  gas.  In  all  of  them,  ordinary  atmospheric  air  is 
required  to  assist  combustion. 

In  the  first  process  a  forced  air  blast  is  used.  The  gases  are  rapidly 
generated  by  driving  a  current  of  air  through  the  glowing  coal,  and  com- 
bustion is  thus  stimulated.  This  furnishes  what  is  called  producer  gas, 
and  sometimes  Siemens'  gas,  because  it  was  first  introduced  by  Sir  William 
Siemens,  as  a  fuel  or  substitute  for  solid  coal.  This  gas  is  often  used  for 
heating  purposes,  but  is  not  rich  enough  by  itself  to  drive  a  gas  motor. 

In  the  next  kind,  known  as  water  gas,  the  method  followed  is  also 
to  bum  the  coal  or  coke,  and  when  it  is  a  state  of  incandescence  a  jet  of 
steam  is  injected  into  it.  As  a  rule,  water  gas  and  producer  gas  are 
made  alternately  in  the  same  apparatus.  The  third  system  is  a  com- 
bination of  the  two  methods.  Instead  of  alternately  injecting  steam  and 
air  into  the  mass  of  incandescent  fuel,  both  are  admitted  simultaneously. 
The  jet  of  steam  carries  with  it  into  the  fuel  a  current  of  air  duly  pro- 
portioned, and  the  gas,  though  poorer  in  quality,*  can  be  made  continu- 
ously. Applications  of  this  system  are  now  very  numerous.  It  was 
first  brought  out  and  patented  in  England  about  1878-79,  by  Mr.  J.  E. 
Dowson,  and  another  method  was  introduced  into  France  by  M.  Len- 
cauchez  about  1887.  Practically  it  is  now  used  with  all  large  gas  engines, 
except  those  worked  with  blast-furnace  or  coke-oven  gases.  Engines 
driven  with  this  cheap  gas  give  from  10  to  20  per  cent,  less  power  for 
the  same  cylinder  dimensions  than  when  worked  with  lighting  gas. 

These  three  last  kinds  of  gas — producer,  water,  and  power  gas — ^are 
usually  made  from  anthracite  or  gas  coke.  If  ordinary  coal  is  used,  the 
tar,  ammonia,  and  other  residual  products  are  rather  difficult  to  get  rid 
of.  EfiTorts  are  now,  however,  being  made  to  utilise  ordinary  coal,  and 
some  of  the  modern  producers  make  gas  from  poor,  and  even  from  bitu- 
minous coal.  A  distinguishing  characteristic  of  these  gases  is  that  they 
contain  a  much  larger  quantity  of  carbon  monoxide  than  lighting  gas. 
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Carbon  monoxide  is  highly  poisonous,  but  has  no  smell,  and  care  is  needed, 
in  using  it,  to  prevent  any  escape. 

Water  Gkts  consists  in  theory  of  about  equal  parts  by  volume  of 
carbon  monoxide  and  hydrogen — namely,  50  per  cent.  H  and  50  per  cent. 
CO,  or  by  weight  6*67  per  cent.  H  and  93*33  per  cent.  CO.  If  the 
temperature  be  allowed  to  fall  during  the  process  of  gas  making,  CO2 
will  be  formed.  The  gas  is  of  great  heating  value,  because  of  its  large 
))ercentage  of  hydrogen.  According  to  Naumann  lighting  gas  contains 
only  from  20  to  30  per  cent,  of  the  heat  of  the  carbon  in  the  coal  trom 
which  it  is  made,  producer  gas  70  per  cent.,  while  water  gas  contains 
92  per  cent.  It  is,  therefore,  especially  suitable  for  motive  power,  and 
when  the  difficulties  of  using  it  are  overcome,  it  will  probably  be  much 
employed  for  this  purpose.  When  burnt  it  generates  half  as  much  heat 
as  lighting  gas,  though  costing  very  much  less,  and  four  times  as  much 
as  producer  gas,  and  it  is  not  susceptible  to  cold  or  changes  of  pressure. 
The  carburation  of  water  gas  is  one  of  the  latest  developments  in  this 
branch  of  science.  Sometimes,  as  in  America  and  England,  oil  vapour 
is  added  to  it,  and  the  mixture  is  then  combined  with  lighting  gas.  In 
Germany,  France,  and  Belgium  the  same  result  is  produced  with  benzol, 
a  product  obtained  by  distillation  from  bituminous  coal. 

In  making  water  gas  there  are  two  successive  stages.  During  the 
first,  hot  air  is  blown  into  the  furnace  to  stimulate  combustion ;  during 
the  second,  steam  is  passed  through  the  column  of  coal  or  coke,  pre- 
viously brought  by  the  air  blast  to  a  state  of  incandescence.  While  the 
water  gas  is  being  made,  its  composition  is  analysed  from  time  to  time, 
and,  as  soon  as  the  percentage  of  COg  (of  which  there  should  be  very 
little)  exceeds  a  certain  limit,  gas  making  is  stopped,  and  hot  air  again 
blown  in.  The  plants  are  worked  intermittently  or  continuously,  and 
the  gas  made  either  in  retorts,  or  by  actual  combustion  in  a  generator ; 
the  latter  is  the  more  modern  system.  Anthracite,  gas  coke,  or  charcoal 
are  used  in  the  generators,  and  a  high  temperature  is  essential,  as  shown 
by  the  following  table  of  experiments  by  Dr.  Bunte  (summarised  from 
Geitel,  Das  Waasergas,  «fec.,  p.  15)  : — 

Table  of  Volume  of  Gases  at  Different  FrRyACE  Temperatdres. 


Mean 
Temperature. 

Composition  of  Water  Oaa  Produced. 

Steam. 

Hydrogen,             Carbon 
H.             Monoxide,  CO. 

Carbon 
Dioxide,  C0«. 

Decomposed. 

Not 
Decomposed. 

Degrees  C. 

674 

861 

1,125 

per  cent.             per  cent 

65-2                    4-9 
59-9                  18  1 
50-9                 48-5 

per  cent. 

29-8 

21-9 

0-6 

per  cent. 

8-8 
48-2 
99-4 

percent. 
91*2 
51-8 
0-6 
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Thus  the  higher  the  temperature  in  the  generator,  the  better  the 
quality,  and  larger  the  quantity  of  water  gas  produced. 

The  discovery  of  water  gas  is  usually  attributed  to  Fontana,  in  the 
middle  of  ^he  eighteenth  century,  but  the  first  working  apparatus  was  in- 
vented by  Donovan,  in  Dublin,  in  1830.  Carburetted  water  gas — that  is, 
gas  into  which  schist  oil  or  tar  was  injected  to  render  it  luminous — 
was  introduced  by  Jobard  and  improved  by  Seiligues  in  1834.  From  this 
time  numerous  patents  were  taken  out  in  England  and  abroad.  The 
gas  was  used  for  furnaces,  but  does  not  seem  to  have  been  applied  to 
give  light  until  1865,  at  Narbonne,  where  it  was  manufactured  by  direct 
combustion  in  a  furnace,  instead  of  by  distillation  in  a  retort.  The 
combustion  of  the  fuel  having  first  been  stimulated  by  an  air  blast, 
steam  was  admitted  until  the  temperature  fell  too  low  to  make  water 
gas,  when  air  was  again  blown  in.  This  intermittent  process  is  known 
as  the  ''blow  and  run"  principla  In  1888  there  were  in  Europe  24 
water-gas  generators,  chiefly  for  non-luminous  gas.  At  present  about 
two-thirds  of  the  gas  works  in  America  are  said  to  produce  water  gas 
from  nearly  300  generators,  and  it  is  increasingly  used  in  England.  Its 
carburation  by  means  of  naphtha  has  been  applied  to  the  improved 
Tessi^  du  Motay- Wilkinson  system  in  the  Municipal  Works  at  New 
York,  and  also  to  the  Lowe  process.  These  are  the  two  types  most  used 
in  America,  although  many  others  have  been  introduced.  For  further 
particulars  as  to  the  manufacture  of  water  gas  the  original  paper  of 
Herr  Oeitel,  Dtu  Wcusergcu  v/nd  seine  Vertoendung  in  der  Techniky 
should  be  consulted.  In  this  valuable  treatise  58  producers  are  de- 
scribed, about  40  being  illustrated  with  good  drawings. 

The  main  difficulty  which  long  stood  in  the  way  of  utilising  water 
gas  to  any  large  extent  was  the  simultaneous  production  of  four  times 
its  amount  of  producer  gas,  necessitated  by  the  process  of  manufacture. 
The  problem  how  to  get  rid  of  the  latter  has  been  solved  by  carburating 
the  water  gas  with  oil  vapour.  The  producer  gas  is  led  off  into  super- 
heating chambers  and  burnt,  and  the  heat  thus  furnished  decomposes 
the  oil  by  "cracking"  it.  Thus  the  process  of  water-gas  manufacture 
now  forms  almost  a  perfect  cycle  of  heat,  as  exemplified  in  the  Lowe 
system,  and  still  more  completely  in  the  Dellwik.  If  the  gas  is  made 
intermittently,  the  large  quantity  of  CO  generated  during  the  <* blowing" 
process,  owing  to  the  deep  layer  of  fuel  and  small  quantity  of  air  forced 
through  it,  causes  a  great  loss  of  heat.  In  burning  1  lb.  of  carbon  to 
CO,  2,400  calories  are  liberated,  while  if  it  be  burnt  to  COg.  8,080 
calories  will  be  evolved,  or  3*3  times  as  much  heat.  If  producer  gas 
containing  a  large  proportion  of  CO  be  used  to  heat  a  vaporiser,  and 
generate  oil  vapour,  this  heat  will  be  utilised,  but  with  non-carburetted 

water  gas  it  is  wasted. 
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The  Dellwik  System  meets  this  difficnlty.  In  it  COj,  instead  of 
CO,  is  generated  in  the  producer,  and  practically  there  is  no  producer 
gas  as  a  bye-product.  A  much  larger  quantity  of  hot  air  is  blown  in 
at  high  pressure,  and  the  layer  of  combustible  kept  very  thin,  with  the 
result  that  only  the  ordinary  products  of  combustion,  COg  and  N,  both 
inert  gases,  are  generated  and  discharged.  As  combustion  is  more 
complete,  steam  can  be  admitted  and  water  gas  produced  for  a  much 
longer,  and  air  blown  in  for  a  much  shorter  time,  than  with  the  ordinary- 
system.  Usually  water  gas  is  produced  for  about  15  minutes  per  hour, 
and  hot  air  blown  in  for  45  minutes.  In  the  Dellwik  process  the 
proportions  are  reversed,  water  gas  is  made  for  45  minutes  per  hour, 
and  its  production  is  said  to  be  doubled.  From  1  ton  of  common  gas 
coke  Professor  Yivian  Lewes  found  that  70,000,  instead  of  34,400,  cubic 
feet  of  water  gas  were  produced.  Steam  being  only  admitted  in  small 
quantities  at  a  time,  there  is  no  more  COg  in  the  gas  than  before,  and 
no  excess  of  water  vapour  to  oxidise  the  CO,  and  convert  it  into  COj. 
The  proper  regulation  of  the  quantities  of  steam  and  air  is  the  main 
feature  of  the  Dellwik  svstem.  In  a  six-hours'  test  at  Warstein,  in 
Westphalia,  it  was  found  that  1  kilo,  of  coke  produced  on  an  average 
2'5  cubic  metres  of  water  gas,  equal  to  a  consumption  of  25  to  30  lbs* 
of  gas  coke  per  1,000  cubic  feet  of  gas.  The  production  per  kilo,  of 
carbon  depended  on  the  relative  proportions  of  CO  and  COg.  The  heat 
utilisation,  or  the  percentage  of  heat  in  the  coke  transferred  to  the  water 
gas  varies  from  72  per  cent,  to  82  per  cent.,  instead  of  some  40  per  cent., 
as  in  other  systems.  In  Germany,  at  Frankfort,  and  at  the  Konigsberg 
Gas  Works,  there  are  large  water-gas  plants  on  the  Dellwik  system  ;  the 
gas  is  produced  for  about  3d.  per  1,000  cubic  feet,  but  it  is  made  on  a 
large  scale.  The  process  is  a  good  deal  used  in  Germany,  though  in 
England  it  has  hardly  made  much  way  at  present.  The  composition 
of  water  gas  will  be  found  at  p.  300;  its  average  heating  value  is 
from  270  to  300  B.T.U.  per  cubic  foot.  It  is  the  high  pro)K)rtion  of 
poisonous  CO  which  constitutes  its  chief  danger ;  about  16  per  cent  is 
the  limit  of  safety. 

Water  gas  has  been  used  with  good  results  to  drive  gas  engines  at 
Essen  since  1891,  when  an  Otto  engine  was  started,  and  at  Witkowitx 
Iron  Works,  where  it  has  provided  an  aggregate  of  223  H.P.  To  obtain 
the  maximum  pressure  of  explosion,  and  practically  the  same  as  in  a 
gas  engine,  the  percentage  of  water  gas  to  air  should  be  about  3  to  7, 
and  an  engine  of  the  same  dimensions  gives  from  10  per  cent,  to  15  per 
cent,  less  power  than  when  driven  with  lighting  gas.  Herr  Croissant^ 
the  director  of  the  gas  works  at  Ludwigshafen,  in  Germany,  has  drawn 
up  a  useful  table,  showing  by  calculation  the  heat  efficiency  of  st^azn, 
lighting  gas,  Dowson,  and  water  gas  in  engines  of  100  H.P.  to  50  H.P*i 
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taking  the  separate  efficiency  of  the  engine,  the  plant,  and  the  two 
together,  including  heating  ap. 

Table  of  Heat  £7nciENciis  in  Engines  for  Steam  and  Different 

Gases  and  fob  Different  Powers. 


Engine  driven  with 


Steam, 

Lighting  gas  (town), 
BowBon  gas,  .     .     . 
Water  gas,    .     .     . 


Heat  Efficiency  of 

Heat  Efficiency  of 

Engine. 

1 

Plant. 

1 

100  H.  P. 

60H.P. 

10  H.  p. 

100  H.P. 

60H.P. 

10H.P. 

p.  CL 

p.  Ct. 

p.  Ct. 

pu  ct. 

p.  ct 

p.  ct. 

12-6 

8-3 

4-0 

8-8 

6-8 

2-8 

25-4 

231 

21-2 

10-9 

9*9 

91 

23  6 

18-7 

13-3 

18-8 

11-3 

9-6 

23-6 

18-7 

13-3 

18-8 

11-3 

9*6 

Heat  Sfflciencv  of 

Plant,  including 

heating  up. 

1 
100H.P.'GOH.P. 

1 

iOH.P. 

p.  ct. 

p.  ct. 

p.  ct 

6*9 

4-6 

2-2 

10-9 

9  9 

9  1 

12-9 

10-2 

7-31 

12-9 

10-2 

7-31 

The  great  merit  of  water  gas  for  motive  power  is  its  relative  cheap- 
ness. When  not  carburetted  it  costs  little  more  than  power  gas  to 
produce,  and  is  of  far  higher  calorific  value. 

A  series  of  interesting  tests  were  made  by  Mr.  Paterson,  in  1898,  at 
the  Birkenhead  Gas  Works,  on  a  10  H.P.  Crossley  gas  engine  driven 
with  (1)  a  mixture  of  equal  parts  of  lighting  and  carburetted  water  gas ; 
(2)  pure  carburetted  water  gas;  (3)  ordinary  or  non-carburetted  water 
gas.  The  engine  was  not  of  the  newest  type.  The  following  table 
shows  the  results  obtained : — 


Table  of  Consuieption  and  Heating  Value,  &c.,  of 
Different  Gases  in  a  Crosslet  Engine. 


Kind  of  Oas  Used. 

Conaumptlon    i,^.*,„^  v.i„<^ 
cubic  feet       =«»"°if  ,y»>«« 
ofOaaper            "•^:V'*. 

BH.PhoS.       per  cubic  ft 

B.H.P. 

Heat 
Efficiency. 

Town  gas, 

Carburetted  water  gas,     .     . 
Non-carburetted  water  gas,  . 

24-9               618-7 
27-6               668-3 
44-1               276-4 

10-6 

11-16 

10-24 

16 -7  per  cent. 
l«-3       „ 
21-4       „ 

The  heat  efficiency  of  the  water  gas  plant  was  71  per  cqnt. 

A  Ithough  much  the  cheapest,  pure  or  '*  straight "  water  gas  here  gave 
the  highest  heat  efficiency. 

As  made  in  England  for  power  purposes  by  Messrs.  Dempster  &  Co. 
of  Manchester,  the  gas  has  a  caloiific  value  of  280  B.T.TJ.  per  cubic  foot. 
It  has  been  used  to  drive  several  engines,  the  consumption  in  which  is 
from  30  to  32  cubic  feet  per  B.H.P.  hour.  One  engine  has  been  worked 
with  it  for  over  twelve  months,  and  two  small  engines  driven  with 
"  blue  "  water  gas  have  been  running  for  some  time  at  Ilford. 
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As  the  author  was  of  opinion  that  there  is  a  great  future  for  this 
gas  for  power  purposes,  especially  for  driving  large  power  gas  engines, 
this  detailed  account  of  it  is  here  given,  although  it  has  not  been  much 
applied  in  this  direction.  We  pass  to  a  description  of  different  gas 
producers,  marking  the  successive  stages  in  their  development. 

Bisohof. — The  earliest  attempts  to  obtain  gas  for  heating  purposes 
from  the  combustion  of  coal,  instead  of  from  distillation,  were  made  bj 
Bischof  in  1839.  Peat  fuel  was  burnt  in  a  brick  chamber,  air  at  atmo- 
spheric pressure  was  admitted  from  below,  through  holes  in  the  covering 
of  the  ashpit,  and  the  gases  generated  during  combustion  were  drawn  off 
through  a  chimney  and  damper  from  the  top  of  the  furnace  chamber. 
In  1840  Ebelmen  made  a  furnace  for  generating  gases,  worked  by  a  blast 
of  air,  and  a  much  larger  quantity  of  gas  was  produced  by  this  means 
than  in  Bischof's  apparatus. 

Thomas  and  Laurent. — But  the  merit  of  being  the  first  to  design 
a  practical  gas  producer  belongs  to  MM.  Thomas  and  Laurent,  who, 
between  1838  and  1841,  constructed  a  gas  generating  furnace,  in  which< 
many  modern  improvements  were  anticipated.  Air  compressed  by  a 
blower  was  admitted  at  the  bottom  of  the  furnace,  and  the  decomposition 
of  the  air  was  assisted  by  the  injection  of  superheated  steam,  in  the  pro- 
portion by  weight  of  35  parts  of  air  to  1  of  steam.  The  height  of  the 
generator  was  sufficient  to  cause  the  oxygen  of  the  air  to  combine  with 
the  carbon  of  the  fuel,  and  carbon  monoxide  and  carbon  dioxide  were 
formed. 

Kirkham. — Another  remarkable  apparatus  was  brought  out  in  1852 
by  Messrs.  Kirkham,  who,  working  independently  but  on  the  same  lines 
as  Thomas  and  Laurent,  produced  their  gas  by  direct  combustion  of  the 
fuel  in  a  furnace,  instead  of  by  applying  external  heat  to  the  coal,  and 
distilling  the  gas  from  it.  They  were  the  first  to  use  what  is  called  the 
<<  intermittent ''  system  of  gas  making — that  is,  the  alternate  admission 
of  steam  and  air  to  the  coal,  and  the  gas  was  produced  continuously. 
The  fuel  being  kindled  in  the  generator,  a  blast  of  air  was  turned  into 
it,  until  combustion  was  thoroughly  established ;  the  air  was  then  shut 
off,  the  producer  gas  blown  off  to  waste,  and  steam  was  injected  and 
quickly  decomposed  by  the  heat.  Afber  a  short  time  the  admission  of 
steam  was  stopped,  and  air  again  introduced  to  revive  combustion. 
Other  gas  producers  were  brought  out  by  Ekmann  in  Sweden  about 
1845,  Beaufum^  in  France  in  1856,  and  Benson  in  1869. 

Siemens. — Several  important  gas  producers  were  introduced  with 
successive  improvements  by  Sir  W.  Siemens,  who  gave  his  attention 
to  the  subject  as  early  as  1861.  His  main  object  was  to  produce  a  gas 
which  could  be  used  as  a  substitute  for  ordinary  fuel  in  furnaces,  and 
he   was  the  first  to  bring  the  question   of  gaseous  fuel   prominently 
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forward.  In  his  producer  a  very  slow  draught  of  air  and  slow  rate  of 
combustion  are  employed,  and  the  gases  are  cooled  as  they  leave  the 
generator.  His  designs  have  since  been  perfected,  and  the  Siemens 
improved  gas  generator  is  now  largely  used  for  all  sorts  of  metallurgical 
and  manufacturing  purposes.  The  two  forms  of  gas  producers  introduced 
into  France  by  Minary  in  1868  and  his  later  recent  apparatus  were 
invented  with  the  same  object  of  replacing  solid  fuel  in  furnaces.  A 
useful  little  generator  was  brought  out  by  Dr.  Kidd  in  1875,  intended 
to  provide  a  cheap  gas  for  domestic  use  and  cooking.  With  the  excep- 
tion of  the  Siemens  apparatus  these  were  all  on  a  small  scale,  and  none 
^f  them  were  originally  intended  to  generate  gas  for  working  motors. 

Fasoal. — Pascal  in  1861  was  the  first  to  develop  the  ideas  of  Thomas 
and  Laurent,  and  those  of  Kirkham,  and  to  test  practically  a  system  for 
manufacturing  cheap  gas,  by  the  addition  of  steam  and  air  to  the  incan- 
descent fuel.  Except  in  its  application,  his  method  differed  little  from 
theirs.  A  cylindrical  gas  generator  filled  with  coal  was  surrounded  by 
a  boiler,  with  which  it  communicated.  The  coal  was  fired,  and  steam 
from  the  boiler  admitted  alternately  with  air  from  a  blower,  worked  by 
the  motor.     Pascal's  system  of  making  gas  has  long  been  discontinued. 

Tessi^  du  Motay. — Another  method  brought  out  by  Tessi6  du 
Motay  in  1871  is  still  used,  with  improvements,  in  America  at  the 
Municipal  Gas  Works,  New  York.  A  brick  furnace,  enclosed  in  a 
wrought-iron  cylindrical  shell,  is  charged  with  fuel  from  above,  and  the 
gas  drawn  off  through  an  annular  space  at  the  top.  Air  is  introduced 
through  a  blast  pipe  running  across  the  centre  of  the  furnace,  and  the 
ashes  and  clinker  are  discharged  below.  To  carburate  the  gas  it  is  led 
through  a  chamber  fitted  with  ledges,  over  which  naphtha  trickles  down 
from  above,  is  volatilised,  and  the  vapour  mixed  with  the  water  gas. 
It  is  then  passed  through  red-hot  retorts,  to  prevent  condensation  when 
the  gas  cools.  This  is  said  to  be  one  of  the  best  of  the  intermittent  gas 
producers,  and  is  simple  and  efficient. 

These  different  generators  exhibit  the  successive  steps  in  the  pro- 
duction of  gas  from  coal.  The  first  improvement  on  the  process  of  dis- 
tillation was  the  substitution  of  internal  for  external  combustion. 
Instead  of  the  outward  application  of  heat  to  retorts,  the  fuel  was  burnt 
in  the  furnace,  and  the  gas  led  off  from  it  in  pipes.  A  blast  of  air  was 
next  introduced,  to  accelerate  the  production  of  gas ;  the  last  and  per- 
haps the  most  important  innovation  was  the  addition  of  a  jet  of  steam. 
About  1862  two  systems  were  proposed  on  the  Continent  for  making 
water  and  generator  gas.  In  the  first,  designed  by  M.  Tr^bouillet, 
retorts  filled  with  charcoal  were  brought  to  a  red  heat,  and  superheated 
steam  forced  through  them.  Charcoal  was  also  used  in  the  other 
method,  invented  by  M.  Arbos  of  Barcelona.     The  generator   was  in 
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two  divisioDS.  The  upper  part  contained  water,  and  formed  a  kind  of 
boiler  and  superheater,  and  steam  mixed  with  air  was  admitted  at  the 
bottom  of  the  furnace.  A  modification  of  this  process  was  applied  to 
the  Bonier  generator. 

Strong. — ^Two  systems,  both  of  American  origin,  the  Strong  and  the 
Lowe,  for  making  gas  by  admitting  steam  and  air  intermittently  into 
burning  fuel,  were  introduced  about  1874.  The  Strong  apparatus  con- 
sisted of  a  generator  filled  with  anthracite  or  coke,  charged  through  a 
hopper  above,  or  through  doors  at  the  side,  and  communicating  with  two 
heating  chambers  loosely  stacked  with  firebricks.  A  forced  blast  of  air 
was  admitted  both  above  and  below  the  furnace,  and  produced  active 
combustion,  and  the  gases  generated  were  driven  into  the  first  heating 
chamber.  Here  they  were  ignited  by  the  current  of  air,  and  burned 
down  through  the  firebricks  and  up  through  the  second  chamber,  pass- 
ing thence  to  the  reservoir.  As  soon  as  the  fuel  in  the  furnace  was  at 
a  red  heat  the  air  was  shut  off,  steam  introduced  in  the  reverse  direction 
to  the  air,  and  superheated  in  its  passage  through  the  red-hot  firebrick. 
At  the  top  of  the  furnace  finely  powdered  fuel  was  sprinkled  into  it,  the 
steam  separated  into  its  elements,  and  these  combined  with  the  carbon 
to  form  rich  water  gas.  After  a  few  minutes  combustion  slackened, 
and  the  process  was  reversed.  A  drawing  of  this  producer  will  be  found 
in  the  Third  Edition,  p.  168. 

Lowe. — The  Lowe  process  resembled  the  Strong  in  several  respects, 
but  contained  a  generator,  a  single  superheating  chamber,  a  carburator, 
and  a  scrubber  for  purifying  the  gases.  The  producer  was  worked 
intermittently.  The  generator  being  charged  with  anthracite,  combus- 
tion was  started  by  a  blast  of  air.  The  hot  gases  given  off  were  conveyed 
to  the  lower  part  of  the  superheater,  where  a  fresh  current  of  air  kindled 
them,  causing  the  flames  to  rise  through  the  loosely  stacked  bricks.  As 
soon  as  the  generator  was  at  a  red  heat,  or  at  a  temperature  of  about 
1,600'  F.,  the  gases  were  discharged,  the  air  was  shut  off,  superheated 
steam  blown  into  the  furnace,  and  water  gas  generated.  A  small  stream 
of  petroleum  was  dropped  from  above  on  to  the  glowing  fuel,  and  as  the 
oil  was  ''  cracked  ^  and  vaporised  by  the  heat,  the  gases  were  carburated. 
They  were  then  purified  by  passing  them  through  water  and  the  scrub- 
bing chamber. 

Loomis. — ^An  interesting  example  of  the  intermittent  system  of  gas 
making,  as  applied  to  drive  engines,  is  furnished  by  the  Power  and 
Mining  Machinery  Company  of  New  York,  makers  of  the  Loomis 
generator.  They  have  long  used  this  gas  to  drive  small  engines,  but  have 
of  late  years  constructed  large  plants  to  work  engines  especially  for  mining 
operations.  A  noteworthy  feature  is  that  the  generator  can  be  fired 
with  any  kind  of  fuel  most  plentiful  in  a  given  locality,  anthracite,  coke, 
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bituminous  ooal,  or  wood.  The  apparatus  consists  of  two  generators, 
with  a  small  yertical  tubular  boiler  between  them.  The  generators  are 
lined  with  firebrick,  and  are  from  5  to  11  feet  in  diameter,  and  12  to  18 
feet  high.  Combustion  is  started  by  means  of  an  exhaustor,  which 
draws  down  a  current  of  air  through  the  glowing  fuel  in  the  generator. 
The  producer  gas  thus  formed  is  led  upwards  through  the  boiler,  its 
heat  converting  the  water  in  the  tubes  into  steam,  and  thence  to  a  gas- 
holder. When  the  fuel  is  red  hot,  the  air  vaWe  is  closed  and  one 
generator  shut  off.  Steam  is  then  turned  from  the  boiler  into  the  other 
generator,  and  in  its  upward  passage  through  it  is  converted  into  water 
gaSy  passes  thence  to  the  top  of  the  other  generator,  downwards  through 
the  fuel,  and  up  through  the  boiler  to  a  scrubber,  and  finally  led  off  to 
a  gasholder.  The  processes  of  making  water  and  producer  gas  are 
alternated  every  five  minutes,  more  or  less,  according  to  the  quality  of 
gas  desired.  Thus  the  two  generators  are  used  to  make  producer 
gas,  and  only  one  or  the  other  successively  for  water  gas. 

It  is  claimed  for  this  system  that,  as  all  the  gas  is  passed  through  the 
fire,  the  tar  in  it  is  converted  into  a  fixed  gas.     By  an  ingenious  con- 
trivance, producer  gas  alone  may  be  made  in  the  generator,  air  being 
forced  in  by  the  exhauster  as  before,  and  steam  admitted  at  various  places 
to  mingle  with  it.     The  change  from  one  method  of  working  to  the  other 
is  easily  effected  by  means  of  hydraulic  valves.     Water  gas  made  by  this 
process  from  bituminous  coal  has  a  heating  value  of  300  to  350  B.T.U. 
per  cubic  foot.     For  driving  engines  the  two  gases,  producer  and  water, 
are  led  from  their  holders  to  a  mixing  valve,  where  they  are  combined  in 
any  desired   proportions.     The   special   characteristic  of  the  producer, 
which  makes  it  applicable  in  outlying  districts  remote  from  civilisation, 
is  its  adaptability  to  any  kind  of  fuel.     At  Sonora,  in  Mexico,  all  the 
power  required  for  working  a  large  copper  mine  is  furnished  by  electric 
motors.    These  are  operated  by  eight  four-cycle  1 10  H.P.  gas  engines,  with 
a  speed  of  200  revolutions  per  minute,  the  gas  for  which  is  supplied  by 
two  Loomis  generators,  one  in  use,  the  other  in  reserve,  each  capable  of 
yielding  1,000  H.P.     The  generator   has  two  gasholders  attached,  the 
one  for  water  gas,  having  a  capacity  of  5,000  cubic  feet ;  the  other  for 
producer  gas,  of  15,000  cubic  feet.     The  consumption  in  the  generators  is 
1^  lbs.  of  inferior  local  coal,  or  2^  lbs.  wood  per  B.H.P.  hour.     At  another 
mine  in  Mexico  there  are  five  140  H.P.  gas  engines  driven  with  Loomis 
gras  made  from  wood.     Elsewhere  in  Mexico  there  are  various  mines  and 
mills  worked  with  this  power  gas,  which  supplies  a  total  of  nearly  2,000 
H.P.     The  generators  are  made  in  sizes  from  50  H.P.  upwards. 

Chexnioal  Processes. — The  chemical  process  involved  in  making 
the  two  kinds  of  gas  here  described,  producer  and  water  gas,  one  or 
other  of  which  is  the  basis  of  all  power  gas,  is  as  follows : — Producer 
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or  Siemens  gas  consists  of  00  and  N,  and  is  formed  by  the  incomplete 
combustion  of  the  coal.  The  formula  expressing  it  is  0  +  O  =  00. 
The  carbon  in  the  coal  combines  with  the  air  to  form  a  gas  in  the 
proportion  of  35  per  cent.  00  to  66  per  cent.  N  by  volume.  The 
theoretical  heating  value  of  this  gas  is  113  B.T.U.  per  cubic  foot  (1,015 
cals.  per  c.  metre).  For  water  gas  the  formula  is  0  +  HgO  =  CO  +  2H. 
One  lb.  of  carbon  in  the  coal  burns  with  1*5  lbs.  of  HjO  to  a  gas  of 
which  the  constituents  are  50  per  cent,  by  volume  of  00,  and  50  per 
cent,  by  volume  of  N.  Its  theoretical  heating  value  is  303  B.T.U. 
per  cubic  foot  (  =  2,710  cals.  per  c.  metre).  In  the  one  case  1  lb.  of 
carbon  yields  by  combination  with  73  cubic  feet  of  air  88*3  cubic 
feet  of  producer  gas ;  in  the  other,  1  lb.  of  carbon  furnishes  by  combina- 
tion with  1'5  lbs.  of  water  vapour  61*4  cubic  feet  of  water  gas.  The 
decomposition  of  the  H2O,  however,  in  the  latter  requires  more  heat 
than  is  liberated  by  the  formation  of  the  CO.  If  the  two  processes  be 
combined,  as  in  Dowson  gas,  and  steam  and  air  injected  together  into  a 
furnace,  2  lbs.  of  carbon  will  burn  with  1*5  lbs.  of  water  vapour  and  73 
cubic  feet  of  air,  producing  61*44  cubic  feet  of  water  gas,  and  88*32  cubic 
feet  of  Siemens  gas  =  149*76  cubic  feet  of  Dowson  gas,  in  the  proportions 
of  41  per  cent.  CO,  21  per  cent.  H,  and  38  per  cent.  N.  These  values 
are  theoretical,  because  in  practice  the  oxygen  and  hydrocarbons  cannot 
be  wholly  eliminated. 

The  diagram  on  page  200,  showing  graphically  the  composition  of  com- 
bustible gases,  with  their  heating  value  and  bye-products,  is  reproduced 
by  kind  permission  of  the  Yereinigte  Maschinen-Fabrik  Augsburg  and 
Maschinen-6au  Gesellschaft  Niirnberg. 
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CHAPTER    XI. 
GAS  PRODUCTION  FOR  MOTIVE  POWER  {dmtinued). 

ComiBNTS. — Modern  Gas  Producers — Dowson — Experiments— Bftle  Trials— Tangye — 
Stockport— Fielding  ft  Piatt— Thwaite-Crossley— Paisley— Wilson— Duff— 
Mond — French  Gas  Producers,  Lencauchez — Taylor — ^Pierson — Letombe — Ger- 
man Gas  Producers,  Deutz  —  Koerting  —  Nuremberg  —  Kappel — Bechstein  — 
Oberursel — Langensiepen — Pinteoh — Rich^ — Heat  Efficiency. 

It  is  to  Mr.  J.  E.  Dowson  that  the  merit  belongs  of  having  inaugurated 
the  process  by  which  superheated  steam  and  air  are  admitted  to  a 
furnace  together,  to  furnish  power  gas  for  driving  engines.  The  gas 
obtained  is  poorer  than  water  gas,  but  richer  than  producer  gas ;  it  can 
be  rapidly  and  continuously  generated,  ^nd  with  the  proper  admixture 
of  air  is  perfectly  suited  for  this  purpose.  It  possesses  the  further 
advantage  of  being  much  cheaper  than  lighting  gas.  Before  its  intro- 
duction, it  was  considered  impossible  to  work  larger  gas  engines  as 
economically  as  steam  engines  of  about  the  same  power.  With  few 
exceptions,  only  small  motors  were  made,  and,  owing  to  the  expense  of 
town  gas,  it  was  supposed  that  large  power  gas  engines  could  never 
compete  successfully  with  steam.  The  adoption  of  Dowson  gas  first 
showed  that  it  is  possible  to  work  a  100  H.P.  gas  engine  with  much 
greater  economy  in  cost  of  fuel  than  a  good  100  H.P.  steam  engine,  and 
the  fact  that  the  larger  the  power,  the  greater  the  economy  of  consump- 
tion, has  now  been  placed  beyond  a  doubt.  From  this  point  of  view, 
the  pioneer  services  rendered  by  Mr.  Dowson  in  making  it  possible  to 
produce  power  more  cheaply  by  the  use  of  his  gas  are  very  great. 

Modern  Gtos  Produoers  may  be  divided  into  three  classes,  accord- 
ing to  the  pressure  of  air,  whether  above  or  below  that  of  the  atmo- 
sphere. There  are  two  types  of  high-pressure  producers,  in  which 
combustion  takes  place  in  a  closed  generator,  and  air  charged  with  steam 
is  either  (a)  drawn  in  by  a  steam  jet,  as  in  the  Dowson,  or  (6)  forced 
in  by  a  fan.  In  the  low-pressure  system  (c)  the  top  of  the  generator 
is  open,  and  air  is  drawn  in  from  the  atmosphere  by  the  suction  of  the 
motor  piston.  Suction  gas  producers  are  now  made  by  most  of  the 
chief  firms  in  England  and  abroad.  The  principle  is  the  same  as  that 
embodied  in  the  Bonier,  but  the  difficulties  which  hindered  the  develop- 
ment of  the  French  generator  have  now  been  successfully  overcome. 
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In  these  plants  there  is  no  gasholder  or  boiler,  and  the  process  of 
cleaning  the  gas  is  much  simplified.  A  small  chamber  at  the  side  of 
or  above  the  generator  or  furnace  is  filled  with  water  kept  at  a  constant 
level,  which  is  converted  into  steam  by  the  heat  of  combustion.  The 
suction  of  the  engine  piston  daring  the  admission  stroke  draws  air 
charged  with  this  steam  into  the  bottom  of  the  producer,  and  through 
the  incandescent  fuel  with  which  it  is  filled.  The  gas  thus  generated 
is  passed  through  a  single  coke  scrubber,  a  gas  expansion  box,  and  thence 
to  the  engine,  sometimes  being  also  led  through  a  hydraulic  box  to  wash 
it,  and  prevent  any  escape  back  into  the  generator.  The  advantages  of 
this  system  are  that  neither  gasholder  nor  boiler  are  required,  no  escape 
of  gas  is  possible,  since  it  is  produced  below  atmospheric  pressure, 
and  the  engine  itself  automatically  regulates  the  supply.  Most  of  the 
modern  types  of  gas  producers,  whether  pressure  or  suction,  dispense 
with  a  boiler,  the  heat  of  the  gases  of  combustion,  and  of  radiation  from 
the  furnace,  being  sufficient  to  provide  steam  to  mix  with  the  air. 
Hence  a  better  heat  utilisation  is  obtained,  and  the  high  temperature 
of  the  gases  is  employed  in  raising  steam,  instead  of  being  wastefuUy 
lowered  in  an  elaborate  cooling  apparatus.  Efforts  are  now  being  made 
to  adapt  suction  gas  producers  to  marine  work. 

Dowson. — Fig.  96  shows  an  external  view  of  a  complete  Dowson  gas 
plant  up  to  about  80  I.H.P.  To  start  production,  nothing  is  needed 
except  anthracite  or  coke  to  till  the  generator,  and  water  to  evaporate  into 
steam  for  injection  into  the  fuel.  The  steam  pressure  required  is  from 
30  to  50  lbs.  per  square  inch,  according  to  the  size  of  the  gas  plant  to 
be  served.  The  wrought-iron  generator  is  seen  on  the  left,  and  the 
small  vertical  boiler  for  producing  the  steam  stands  in  the  front  to  the 
right.  The  boiler  has  a  closed  grate,  with  steam  pipes  in  the  uptake, 
in  which  the  steam  is  superheated,  before  it  passes  to  the  lower  part  of 
the  generator.  Between  the  boiler  and  generator'  is  an  injector,  through 
which  a  current  of  air  is  forced  by  the  velocity  of  the  steam.  The 
cylindrical  generator  is  lined  with  firebrick,  and  the  fuel  is  fed  in  prefer- 
ably by  hand  through  the  hopper  above;  it  varies  in  depth  according 
to  the  combustible  used.  The  gases  generated  by  the  combustion  of 
the  anthracite  or  coke  combine  with  the  oxygen  derived  from  the 
decomposition  of  the  steam  and  air,  and  are  conveyed  through  a  cooler 
and  pipe  into  the  hydraulic  box,  which  is  partly  filled  with  water.  The 
gases  passing  through  the  water  are  washed,  and  another  pipe  conveys 
them  to  the  scrubbers,  sometimes  placed  inside  the  gasholder,  to  econo- 
mise space.  One  is  filled  with  coke,  continually  moistened  by  water 
sprays;  the  gases  pass  from  here  into  the  second  scrubber  filled  with 
sawdust,  and  thence  to  the  holder. 

To  regulate  automatically  the  production  of  gas  the  following  method 
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is  adopted  : — The  top  of  the  holder  is  conaected  to  a  chain  attached  to 
the  air  injector.  If  too  much  gas  is  generated  the  holder  rises,  lifts  this 
chain,  and  raises  a  valve  from  which  the  air  and  steam  are  allowed  to 
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escape,   instead  of  entering  the  generator.     As  soon  as  production  is 
reduced,  the  holder  sinks,  and  the  valve  is  released. 

Mr.   Dowson  has  lately  introduced  an  intermediate  type  of  gas  pro- 
ducer in  which,  in  place  of  a  boiler  and  steam  jet,  a  fan  sends  the  air  to 
the  furnace,  and  the  heat  of  the  latter  generates  the  steam  required.     He 
has  also  brought  out  a  suction  gas  plant,  consisting  of  a  generator  with 
hopper  and  fuel  admission  valve  at  the  top,  a  coke  scrubber  with  water 
sprayed  on  to  it  from  above,  a  small  gas  expansion  box,  and  a  hand  fan 
for  starting  combustion.     The  generator  consists  of  three  parts,  an  outer 
lining  through  which  the  air  for  the  furnace  is  passed,  a  chamber  contain- 
ing water  converted  into  steam  by  the  heat  from  the  furnace  and  the  hot 
gases,  and  the  fuel  chamber  itself  where  combustion  takes  place.     As 
the  anthracite  or  coke  is  fed  into  the  upper  part  of  the  generator,  it  is 
partially  coked  before  it  sinks  down  into  the  glowing  zone  of  combustion. 
The  greater  part  of  the  waste  heat  from  the  furnace  is  said  to  be  thus 
utilised.     The  action  of  the  generator  after  it  is  started  is  automatic,  and 
as  the  pressure  of  the  gas  is  less  than  that  in  the  cylinder  no  escape  is 
possible.     The  consumption  in  these  suction  gas  plants  is  1}  Ihs.  coke  or 
1  lb.  anthracite  per  B.U.P.  hour.     More  than  200  are  working  in  Eng- 
land, and  100  abroad.     For  a  test  of  a  National  engine,  worked  in  con- 
junction with  a  Dowson  suction  producer,  see  p.  210. 

A  large  number  of  experiments  have  been  undertaken  with  Dowson 

gas,  and  have  proved  its  economy,  and  the  relatively  small  cost  of  using 

it  to  drive  engines.     To  make  a  proper  comparison  between  a  steam 

engine  and  a  Dowson  gas  plant  and  motor,  the  cost  of  the  fuel  should  in 

both  cases  be  given,  and  the  generator  considered  as  forming  part  of  the 

gas  engine,  in  the  same  way  as  a  boiler  forms  part  of  a  steam  plant.      In 

England  the  gas  can  be  produced  at  a  cost  of  about  2d.  to  3d.  per  1,000 

cubic  feet,  according  to  the  quantity  required,  but  in  the  case  of  large 

works,  where  a  steam  boiler  already  exists,  the  consumption  of  fuel  can 

be  reduced  by  utilising  this  steam  for  the  generator.     South  Metropolitan 

London  gas  costs  about  2s.  3d.  per  1,000  cubic  feet.     Dowson  gas  is  about 

four  times  less  rich  in  heating  value  than  town  gas,  and  requires  less  air 

for  its  combustion  in  the  cylinder  of  a  gas  engine.     The  actual  charge 

admitted  is  no  larger  than  when  town  gas  is  used,  because  the  ratio  of 

air  is  much  smaller,  being  only  from  1  to  1^  times  that  of  the  gas.     The 

proportional  heating  value  of  average  coal  gas,  as  compared  with  Dowson, 

is  3-8  to  1. 

Dowson  gas  can  only  be  made  with  coke  or  anthracite,  but  both  are 
readily  obtained  in  England.  It  is  yearly  becoming  more  widely  known 
and  generally  used.  It  is  easily  produced ;  the  plant  is  compact  and 
simple,  occupies  a  small  space,  and  requires  little  attention ;  it  does  not 
burn  with  a  smoky  flame,  and  deposits  no  impurities  in  the  ports  and 
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valves  of  an  engine.  It  can  be  made  continuously,  rapidly,  and  at  a 
much  lower  cost  than  town  gas.  Most  of  the  important  firms  in  England 
and  abroad  now  make  engines  for  large  powers,  to  be  driven  by  Dow  son 
or  other  producer  gas.  An  account  of  these  will  be  found  under  the 
head  of  the  different  engines. 

Experiments. — Many  trials  with  Dowson  gas  will  be  found  in 
the  tables  at  the  end  of  the  book.  The  Simplex  engine  was  twice  care- 
fully experimented  on  by  Professor  Witz  with  Dowson  gas.  In  1890  he 
tested  the  100  H.P.  Simplex  engine,  shown  at  the  Paris  Exhibition,  in 
which  the  consumption  was  1*34  lbs.  English  anthracite  per  B.H.P.  per 
hour.  Dowson  gas  is  used  to  drive  the  engines  at  Messrs.  CroRsley's 
works,  and  it  furnishes  a  total  of  about  500  H.P.  A  good  test  of 
economy  is  the  average  working  expenses  throughout  the  year  of  large 
engines  driven  with  this  gas.  In  MM.  Koerting's  extensive  engineering 
works  near  Hanover  there  are  several  engines  driven  by  Dowson  gas 
made  in  Koerting  generators,  with  a  total  of  about  400  H.P.  At  the 
Severn  Tweed  Oo.'s  Mills  at  Newtown,  two  trials,  each  extending  over 
six  days,  were  made  upon  four  Crossley  engines,  driven  with  Dowson  gas, 
and  indicating  a  total  of  about  280  H.P.  In  the  first  trial  anthracite 
was  used  and  the  total  consumption  was  1*23  lbs.  per  B.H.P.  per  hour. 
During  the  second  the  generator  was  fired  with  coke  and  1*73  lbs.  per 
B.H.P.  per  hour  was  burnt. 

A  good  test  was  made  by  Tomlinson  in  1891  on  a  15  H.P.  Atkinson 
Cycle  engine,  used  to  pump  water  from  a  well  at  the  Uxbridge  Water- 
works.    The  engine  was  coupled  direct  to  double-acting  pumps  80  feet 
below  the  surface,  and  was  driven  at  86  revolutions  per  minute.     The 
total  quantity  of  fuel  used  was  1*06  lbs.  per  I.  H.P.  per  hour,  or  1*48  lbs. 
per  water  horse-power  per  hour;   and  about  16*4  per  cent,  of  the  heat 
units  in  the  fuel  were  converted  into  total  work,  or  12  per  cent,  into 
water  pumped.     Another  trial  was  made  in  1892  by  Mr.  Dowson  on  a 
Crossley-Otto  engine  developing  a  mean  of  118-7  I.H.P.     Th6  fuel  con- 
sumed during  the  trial  was  076  lb.  per  I.H.P.  per  hour,  including  anthra- 
cite for  the  generator  and  coke  for  the  boiler.      This  trial  was  at  Messrs. 
Mead  k  Co.*s  Flour  Mills,  Chelsea.     Some  useful  trials  to  test  the  varia- 
tions in  the  calorific  value  of  Dowson  gas  during  the  process  of  generation 
were  made  by  Mr.  Paterson  at  Liverpool,  and  showed  a  considerable  differ- 
ence, according  to  the  time  which  had  elapsed  since  the  last  clink ering. 
This  process  only  took  place  once  in  48  hours.     Ten  hours  after  clinkering 
the  heating  value  of  the  gsis  was  149-2  B.T.U.  per  cubic  foot;   26  hours 
after  clinkering  it  was  141*3  B.T.U.  per  cubic  foot;  and  48  hours  after, 
or  just  before  a  removal  of  the  clinker,  the -heating  value  fell  to  113*6 
B.T.U.  per  cubic  foot. 

An  interesting  series  of  experiments  was  made  in  1896  on  two  50 
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H.P.  Crossley-Otto  engines  driven  with  Bowson  gas,  providing  electri- 
city for  the  Mountain  Railway  at  Zucich.  Each  engine  has  a  gas 
generator  attached,  and  one  engine  and  generator  were  used  to  drive 
the  dynamos,  the  other  as  a  reserve.  The  ignition  tube  was  heated  by  a 
flame  fed  with  Dowson  gas,  and  one  boiler  furnished  the  steam  to  both 
generators,  if  required.  Each  generator  produced  10,593  cubic  feet  of 
gas  per  hour,  or  sufficient  to  develop  120  H.P.  Two  experiments  were 
made  to  determine  the  efficiency  of  the  engines  under  normal  working 
conditions,  and  a  third  for  the  maximum  power.  The  mean  heating 
value  of  the  gas,  taken  constantly  with  a  Junkers  calorimeter,  was  144 
B.T.TJ.  per  cubic  foot,  but  it  was  found  to  vary  greatly  from  hour  to 
hour,  depending  more  or  less  upon  the  quantity  of  coal,  time  of  stoking, 
and  power  required.  The  total  consumption  of  Belgian  anthracite  for  the 
generator  and  boiler  was  1*4  lbs.  per  B.H.P.  per  hour;  the  mechanical 
efficiency  at  maximum  power  was  about  90  per  cent.  Full  details  of  this 
excellent  trial  will  be  found  in  the  Zeitschri/t  dee  Vereines  deiUscher 
Ingenieure,  Dec.  21  and  28,  1895. 

One  of  the  most  complete  trials  was  carried  out  at  the  B&le  Water 
Works,  in  1896,  by  Professor  Meyer,  one  of  the  best  authorities  on  the 
subject  of  power  gas.  He  tested  a  160  B.H.P.  Deutz-Otto  gas  engine, 
with  two  cylinders.  The  pistons  worked  on  to  the  same  crank  and  drove 
three  pumps,  each  10*2  inches  diameter,  and  2  feet  3^  inches  stroke,  the 
brake  H.P.  being  determined  from  the  work  of  the  pumps.  Indicator 
diagrams  were  taken  every  five  minutes,  the  temperature  of  the  super- 
heated steam  was  noted,  and  also  that  of  the  steam  and  air  below  the  jet, 
as  well  as  the  cooling  water,  in  and  out  of  the  jacket. 

The  experiment,  lasting  ten  hours,  had  for  its  object  to  determine 
the  quality  of  the  gas,  and  the  chemical  changes  during  the  process  of 
generation,  and  it  forms  one  of  the  most  careful  studies  of  Dowson  gas 
which  has  yet  appeared.  The  plant  consisted  of  three  generators,  two 
small  steam  boilers,  two  sawdust  purifiers,  and  four  scrubbers,  but 
during  the  trial  only  one  generator  and  boiler  were  in  use.  The  fuel 
burnt  was  gas  coke  made  from  German  coal ;  it  had  a  heating  value  of 
12,960  B.T.TJ.  per  lb.,  and  contained  87*7  per  cent,  carbon  and  9*7  per 
cent  ash.  As  regular  quantities  were  fed  in  by  hand  every  ten  minutes, 
the  heating  value  ot  the  gas  did  not  vary  as  much  as  in  the  Zurich  trials. 
About  35  cubic  feet  of  water  per  I. H.P.  hour  were  required  for  the 
generator,  scrubbers,  and  the  cooking  jacket.  Samples  of  the  gas  taken 
every  hour,  and  analysed  by  Hempel's  process,  gave  by  volume  4*8  per 
cent.  COj,  27-6  per  cent.  CO,  20  per  cent.  CH^,  7  per  cent.  H,  and  58-6 
per  cent.  JST.  The  heating  value  determined  every  10  to  15  minutes  in 
a  Junkers  calorimeter,  and  corrected  for  temperature  and  pressure,  was 
135  B.T.U.  per  cubic  foot.     Consumption  of  coke  1*4  lbs.  per  I.H.P.,  and 
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1-6  lbs.  per  B.H.P.  hour,  and  1  lb.  of  coke  yielded  75-8  cubic  feet  of  gas 
at  0°  C.  and  760  mm.  pressure.  Of  the  total  heat  in  the  ooke  95-7  per 
cent,  was  developed  iu  the  geoerator,  and  4-3  per  cent,  lost  while  pass- 


ing through  the  boiler;  71 '3  per  cent,  was  available  for  the  engine, 
making  the  loss  to  the  generator  24-4  per  cent.  Heat  efficiency  of  the 
gas  engine  19-3  per  cent,  per  B.H.P. 
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During  the  trial  54  per  cent,  of  the  Bteam  sent  to  the  generator  was 
decomposed,  and  46  per  cent,  puiaed  through  it  unclianged,  causing 
waste    of  heat,  and  lowering    the    temperature  ia  the  generator.     To 


account  for  this,  experiments  were  made  working  the  engine  at  the  sa 
power,  with  gas  from  one  and  from  two  generators.  Probably  the  1 
of  boat  to  the  steam  waa  caused  by  the  varying  temperature  in  I 

U 
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generator,  which  was  much  hotter  at  the  bottom  than  at  the  top. 
Immediately  after  stoking  it  fell  50**,  and  rose  again  50*"  three  minutes 
later.  Hence  the  intermittent  calorific  value  of  power  gaB,  which  has 
so  often  been  noticed.  According  to  Professor  Meyer,  the  gas  produced 
always  leaves  the  strata  of  the  generator,  in  which  the  chemical 
processes  take  place,  at  the  same  temperature,  and  becomes  cooled  by 
passing  through  the  upper  layers  of  freshly  stoked  combustible.  The 
exchanges  of  heat  between  the  gas  and  the  coke  can  be  calculated,  and 
the  loss  by  incomplete  decomposition  of  the  steam  determined. 

When  working  with  two  generators  the  coke  consumption  was  17 
per  cent,  more  than  with  one,  and  as  the  power  developed  in  the  engine 
was  practically  the  same,  this  17  per  cent,  of  heat  was  wasted — that  is, 
it  passed  through  the  generators  without  being  converted  into  work, 
and  21  per  cent,  of  the  total  steam  supplied  was  not  decomposed  to  & 
gaseous  condition.  The  temperature  of  the  discharge  gases  was  also 
higher  when  working  with  one  than  with  two  generators.  Thus  it  was 
evident  that  the  hotter  the  generator,  the  more  steam  was  decomposed. 
The  low  heat  efficiency  was  attributed  to  the  poor  quality  of  the  gas 
made  from  coke,  which  was  difficult  to  treat,  although  the  charge 
was  fired  electrically.  It  burned  slowly,  and  ignition  lasted  almost  to 
the  middle  of  the  stroke,*  as  was  shown  by  the  form  of  the  indicator 
diagram.  The  engine  was  of  rather  an  old  type,  but  when  run  at  a 
higher  speed,  all  other  conditions  being  the  same,  the  pressure  of  ex- 
plosion and  the  efficiency  were  increased.  Had  this  higher  speed  been 
maintained  throughout  the  trials,  the  consumption  would  have  been 
1*1  lbs.  per  I.H.P.  hour,  and  the  heat  efficiency  23'8  per  cent. 

Two  important  modern  installations  of  Duwson  gas  are  at  the 
Walthamstow  Electric  Station,  which  is  worked  by  four  Westinghouse 
engines  developing  a  total  of  1,650  H.P.,  and  at  the  Birmingham  Small 
Arms  Factory,  where  1,500  H.P.  are  supplied  for  electric  lighting,  also 
from  Westinghouse  engines  worked  with  Dowson  gas.  The  consump- 
tion in  both  cases  is  about  1  lb.  anthracite  per  B.H.P.  hour.  Figs.  97 
and  97a  show  the  generator  at  Walthamstow.  An  interesting  trial, 
one  of  the  first  of  its  kind,  was  made  on  a  Dowson  suction  gas  plant 
serving  a  40  B.H.P.  National  engine,  in  which  the  average  calorific  value 
of  the  gas  was  148  B.T.U.  per  cubic  foot,  and  the  heat  efficiency  of  the 
plant  about  90  per  cent.  (See  Table  No.  6.)  Dowson  gas  now  furnishes 
32,500  H.P.  in  England,  and  nearly  9,000  H.P.  abroad. 

Tangye. — Like  most  of  the  modern  generators,  this  gas  producer 
is  practically  automatic  in  action.  The  two  improvements  claimed  for 
it  are  the  effective  feeding  of  the  fuel  into  the  generator  without  allow- 
ing the  height  of  the  fire,  and  hence  the  quality  of  the  gas,  to  vary,  and 
the  careful  treatment  of  the  gas  after  it  leaves  the  furnace.     If  steam 
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is  Ttot'Available,  a  amall  separate  boiler  is  required,  and  both  the  steam 
and  air  are  superheated  before  entering  the  furnace,  thus  ennuring  their 
rapid  decomposition  into  gas.  A  drawing  of  this  gas  plant  will  be  found 
in  the  third  edition.  It  consists  of  a  conical  hopper  with  valve  above, 
'which  holds  enough  fuel  to  last  for  several  hours,  and  a  generator  below, 
lined  with  firebrick.  The  gases  are  led  off  through  a  wide  pipe  with 
two  passages,  through  the  lower  of  which  they  pass  to  a  box,  where  they 
are  freed  from  dust.  In  this  passage  is  a  U-shaped  tube,  into  which  the 
ateam  from  the  boiler  is  drawn  and  superheated  by  the  gases,  and 
tbeace  carried  off  and  mixed  with  air  in  the  proper  proportions  for  corn- 


Fig.  98. — TsDgye  Suction  Gas  Producer, 
bustion.  The  two  pass  to  the  hearth  through  an  annular  passage  in  the 
lioing  of  the  generator.  1'he  gases  are  led  off  down  the  centre  of  the 
cooler  to  the  dust  box,  and  thence  to  the  hydraulic  box,  where  they  pass 
upwards  through  loosely -stacked  coke,  moistened  by  water  continually 
playing  on  it  from  above.  After  drying,  they  are  finally  led  to  the  gas- 
holder. The  gas  produced  has  a  heating  value  of  about  160  B.T.U.  per 
cubic  foot,  and  the  plant  is  said  to  generate  168,000  cubic  feet  per  ton 
of  Welsh  anthracite.     It  can  only  be  worked  with  anthracite  or  coke. 

Messrs.  Tsngye    have   lately  introduced   an   improved   suction   gas 
producer  (see  Fig.  98).     Like  the  producer  described  above,  it  has  a 
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charging  hopper  and  generator,  but  neither  boiler  nor  gasholder,  the 
latter  being  replaced  by  a  small  chamber  above  the  furnace,  filled  with 
water.  The  suction  (admission)  stroke  of  the  engine  draws  air  through 
this  chamber,  where  it  is  charged  with  hot  vapour,  and  the  two  pass 
downwards  outside  the  furnace,  as  shown,  and  up  through  the  incan- 
descent fuel,  being  converted  into  gas  in  their  passage.  The  gases  are 
next  conveyed  in  the  direction  of  the  arrows  to  the  scrubber  filled  with 
coke  moistened  by  water  running  through  it,  and  thence  to  the  engine. 
Suitable  arrangements  are  made  for  draining  the  scrubber  and  keeping 
the  level  of  water  in  the  vapour  chamber  constant.  The  furnace  is 
started  by  means  of  a  small  fan  worked  by  hand.  Engines  driven  with 
this  suction  producer  are  made  from  7  to  88  B.H.P.,  with  electric 
ignition  and  high  compression  of  the  charge. 

Stockport. — A  suction  gas  producer  is  also  made  by  Messrs.  Andrew, 
of  Stockport,  on  a  similar  principle  to  the  Tangye — namely,  that  of  manu- 
facturing the  gas  per  stroke,  as  required.  The  fire  in  the  generator  is 
started  by  a  small  blower.  As  soon  as  the  fuel  is  thoroughly  alight,  the 
suction  stroke  of  the  engine  draws  water  into  a  vaporiser,  where  it  is 
converted  into  steam,  and  passes,  together  with  a  certain  quantity  of  air, 
to  the  bottom  of  the  furnace.  The  two  are  drawn  through  the  incandes- 
cent fuel  to  the  coke  scrubber,  on  to  which  water  is  played  from  above, 
thence  to  a  small  reservoir,  and  lastly  to  the  admission  valve  of  the 
engine.  The  consumption  is  about  1  lb.  anthracite,  or  1^  lbs.  coke  per 
B.H.P.  hour. 

A  similar  suction  gas  plant  is  made  by  the  National  Gas  Engine 
Company. 

Fielding  &  Flatt. — A  generator  on  the  Dowson  system  is  con- 
structed by  Messrs.  Fielding  <fe  Piatt,  of  Gloucester,  to  work  with  their 
engines.  They  have  also,  like  other  firms,  introduced  a  suction  gas  plant, 
in  which  the  gas  is  produced  as  required.  Water  and  air  are  drawn 
through  the  furnace,  and  the  gas  through  the  coke  scrubber  by  the  action 
of  the  motor  piston  itself.  More  than  a  hundred  engines  have  been 
made  to  work  with  this  type  of  producer. 

Thwaite. — Another  gas-making  plant  has  been  introduced  by  Mr. 
Thwaite  to  produce  gas  not  only  from  anthracite  and  coke,  but  also,  it  is 
said,  from  bituminous  coal,  slack,  breeze,  sawdust,  peat,  &c.  Di-awings 
of  the  plant  will  be  found  in  l^he  Engineer,  July  5,  1895,  with  a  descrip- 
tion of  a  generator  erected  in  the  North  of  London  for  driving  a  gas 
plant  to  produce  electric  light.     No  trials  seem  to  have  been  published. 

Crossley. — Messrs.  Crossley  have  also  introduced  new  types  of 
pressure  and  suction  gas  producers.  In  these  there  is  no  boiler;  the 
heat  of  the  gases  from  the  producer  is  utilised  to  generate  steam  in  the 
saturator,  an  annular  vessel  consisting  of  an  inner  and  outer  pipe.     The 
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space  between  the  two  is  filled  with  water  up  to  a  certain  level,  while  the 
hot  gases  from  the  generator  are  led  through  the  inner  pipe.     The  action 
of  the  producer  is  started  by  drawing  air,  preferably  from  a  fan,  across 
the  top  of  the  saturator.     Here  it  is  charged  with  steam,  and  the  two 
pass  down  through  the  outer  lining  of  the  generator,  and  upwards  through 
the  fuel.     The  gas  thus  formed  is  led  down  through  the  centre  of  the 
saturator,  and  by  imparting  its  heat  to  the  water  is  cooled  as  it  reaches 
the  bottom.     From  hence  it  passes  through  a  hydraulic  box  to  the  coke 
and  sawdust  scrubbers,  in  which  it  is  washed  and  cleansed  before  enter- 
ing the  engine.     The  hydraulic  box  acts  as  a  water  joint,  to  prevent  gas 
passing  backwards,  and  frees  it  from  the  dirt,  which  is  washed  out  into 
an  inclined  water  trough.     The  grate  can  be  rotated,  and  the  ashes  and 
clinker  withdrawn  while  combustion  is  proceeding.     This  plant  may  be 
worked  either  under  pressure  or  by  suction  ;  in  the  former  case  a  small 
fan  is  necessary,  generally  driven  from  the  engine  itself.     It  is  made  in 
sizes  from  60  to  250  B.H.P. 

If  the  suction  of  the  engine  piston  be  used  to  generate  the  gas,  the 
water  chamber  is  usually  placed  at  the  top  of,  or  round  the  generator, 
and  the  scrubbers  are  reduced  in  number ;  thus  the  area  required  for 
cooling  the  gases  is  much  diminished.  Suction  gas  plants  are  made  by 
Messrs.  Crossley  from  5  to  80  H.P.,  and  the  consumption  in  them  is 
about  I  to  1  lb.  anthracite  per  B.H.P.  hour.  Like  the  Deutz  firm  (see 
p.  230),  they  also  construct  a  producer  to  work  with  bituminous  slack. 
It  consists  of  a  generator  and  saturator,  a  washing  and  cooling  tower,  a 
patent  centrifugal  tar  extractor,  and  a  sawdust  scrubber.  The  gas  leaving 
the  producer  is  said  to  be  perfectly  clean.  These  plants  are  made  on  a 
large  scale,  for  engines  from  150  to  1,000  H.P.  A  small  steam  engine  is 
required  to  drive  the  blower,  the  tar  extractor,  and  a  centrifugal  pump 
to  circulate  the  water  for  washing  the  gas. 

A  gas  producer  of  the  usual  type,  with  boiler  and  steam  injections, 
was  brought  out  some  years  ago  by  Messrs.  Paisley  A  Welch,  in  which 
the  boiler  was  fed  from  a  water  tank  heated  by  the  generator.  The  gases 
were  twice  carried  through  the  furnace,  and  thence  led  successively 
through  three  coolers  and  a  coke  scrubber  to  the  gasholder.  The 
average  calorific  value  of  the  gas  was  158  B.T.XJ.  per  cubic  foot,  but  the 
producer  does  not  seem  to  have  held  its  place  in  the  market.  In  a  test 
made' on  a  plant  supplying  gas  to  two  50  H.P.  Stockport  engines,  the 
consumption  was  0*65  lb.  anthracite  for  the  generator,  and  0*22  lb.  coal 
for  the  boiler  per  B.H.P.  hour.  Bituminous  coal  could  not  be  burnt  in 
this  producer. 

The  Wilaon  producer  was  not  originally  intended  to  generate  gas  for 
driving  a  motor,  but  since  the  great  development  in  this  direction  it  has 
been  adapted  to  the  purpose.     It  has  neither  grate  nor  bars,  the  fuel 
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resting  in  a  solid  mass  6  to  10  feet  high  upon  the  hearth  itself.     The 
producer  consists  of  a  cast-iron  cupola-shaped  furnace,  into  which  the 
combustible  is  charged  through  a  bell  and  hopper ;  a  slide  prevents  any 
escape  of  gas  during  the  operation.      In  the  centre  of  the  furnace  at  the 
bottom  is  a  kind  of  box  with  openings,  through  which  the  air  and  steam 
are  drawn  in.     The  steam,  generated  in  a  separate  boiler,  enters  through 
an  injector,  and  carries  air  with  it,  in  the  proportion  of  about  20  parts  of 
air  to  1  of  steam,  into  a  central  vertical  tuyere,  and  thence  the  two  are 
forced  into  the  fuel  to  decompose  it.     They  are  delivered  centrally,  as  far 
as  possible  from  the  sides,  in  order  that  they  may  be  thoroughly  mixed. 
A  mass  of  glowing  combustible  is  soon  started  round  the  tuyere,  and  as 
this  reacts  upon  the  steam  and  air,  the  heat  decomposes  them.     They 
are  said  to  keep  the  tuyere  relatively  cool,  so  that  it  does  not  burn. 
Hydrogen  and  carbon  monoxide  are  formed,  and  escape  upwards,  while  the 
superincumbent  fuel   sinks  gradually  down.     As   it  lias  already  been 
partially  distilled   while   still   in   the  upper   part   of  the  furnace,  the 
liberated  hydrocarbons  mix  with  the  ascending  H  and  CO,  and  are  led 
o£F  through  openings  at  the  top.     The  bottom  of  the  producer  rests  on  a 
water  seal,  to  prevent  the  escape  of  any  gas  below.     As  the  hot  ashes 
sink  into  the  water  more  steam  is  generated,  ascends  through  the  fuel, 
and   increases   the   small   quantity  of  steam   already  produced.      The 
clinker  and  ash  are  removed  automatically  by  a  screw  below  the  water- 
line,  revolving  slowly  and  continuously.     As  the  fuel  is  kept  slightly 
moving,  the  clinker  does  not  adhere.     It  is  mechanically  discharged 
along  an  inclined  plane,  as  shown.     From  the  producer  the  gases,  at  a 
temperature  of  nearly  1,000'  F.,  are  led  to  the  regenerator,  an  arrange- 
ment of  vertical  pipes  in  an  air-tight  casing,  similar  to  the  well-known 
Green's  econo miser.     Air  at  a  maximum  pressure  of  8  inches  of  water  is 
forced  by  blowers  into  the  pipes  of  the  regenerator,  while  the  hot  gases 
from  the  producer  circulate  round  them,  transferring  much  of  their  heat 
to  the  air  in  its  passage.     Sometimes  water  is  admitted  into  some  of  the 
pipes.     The  air  and  gases  enter  the  regenerator  at  opposite  ends,  on  the 
principle  of  contrary  currents.     The  gases  are  then  further  cooled  in  a 
dry  cooler,  and  do  not  reach  the  washers  till  they  have  been  reduced  to 
atmospheric  temperature.     Here  all  traces  of  tar  and  dust  are  eliminated, 
and  they  are  then  led,  sometimes  through  a  sawdust  scrubber,  to  the  gas 
holder.     The  blowers  are  driven  by  a  small  steam  or  gas  engine. 

The  Wilson  producer  is  shown  in  section  at  Fig.  99.  Its  heating 
value  was  calculated  by  Mr.  Stead  at  about  150  B.T.U.  per  cubic  foot, 
and  in  an  engine  cylinder  the  gas  yields  about  1  H.P.  per  lb.  of 
bituminous  slack  burnt.  For  this  kind  of  coal  it  has  been  specially 
designed.  The  producer  has  been  supplied  to  over  100  manufacturing 
firms  in  England.     One  of  the  most  important  installations  is 
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Horsehay  Works,  Shropshire,  where  a  WiUon  prodaoer,  with  a  capacity 
of  300  H.P.,  aui>plieB  power  gas  to  drive  two  SO  H.P.  Stockport  and 
BCTeral  amaller  Orossley  engines. 

The  Duff  prodncer,  made  by  Messrs.  W.  F.  Mason,  of  Manchester,  is 
another  successful  attempt  to  utilise  bituminous  slack  to  generate  power 
gas,  and  to  eliminate  the  volatile  tarry  substances  which  cause  so  mach 
difficulty  in  an  engine  cylinder.  As  in  some  other  producers,  part  of 
the  gases  are  twice  passed  through  the  furnace.     The  generator  consists 


Fig.  M.— WilBon  Gas  Producer. 

of  an  inclined  grate,  forming  a  ridge  in  tlie  centre  of  the  furnace,  and 
pierced  with  slots  to  admit  air.  The  casing  is  lined  with  firebrick,  and 
rests  on  a  trough  filled  with  wat«r,  which  acts  as  a  seal ;  the  top  is 
Arranged  as  a  charging  platform.  The  gases  rise  up  through  the  mass  of 
glowing  fuel,  and  pass  through  Rues  to  the  wide  gas  main  at  the  top,  but 
the  tarry  vapours  are  carried  off  through  orifices  in  the  upper  part  of  the 
producer  to  two  downcast  pipes.  Here  they  are  met  by  a  jet  of  steam 
and  forced  into  the  bottom  of  the  furnace,  where  the  steam  is  decomposed, 
and  forma  hydrogen  and  carbon  monoxide  by  combining  with  the  carbon  in 
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the  tar.  No  air  being  required  for  this  second  process,  the  percentage  of 
nitrogen  in  the  gas  is  relatively  small.  The  air  is  delivered  to  the  bottom 
of  the  generator  by  a  Root's  blower,  the  steam  for  which  is  drawn  from 
the  small  boiler  supplying  the  steam  jets. 

A  500  H.P.  Duff  plant  has  been  lately  supplied  to  a  company  in 
London,  and  provides  all  the  power  and  heating  required  in  their  works. 
The  producer  is  of  the  type  already  described ;  the  boiler  furnishes 
steam  at  40  lbs.  per  square  inch  pressure.  From  the  generator  the  gas 
is  led  to  the  cooling  tower,  and  the  makers  assert  that,  when  the  plant  is 
worked  at  full  load,  the  waste  heat  of  the  gases  in  this  tower  will  suffice 
to  raise  all  the  Rteam  required.  It  is  then  passed  successively  through 
live  condensers,  a  coke  scrubber,  and  a  washer,  to  the  holder,  and  finally 
through  a  sawdust  scrubber,  after  which  it  is  said  to  be  perfectly  clean. 
It  has  a  heating  value  of  150  B.T.U.  per  cubic  foot,  and  an  average 
chemical  composition  of  00^  4*2  per  cent.,  CO  25*2  per  cent.,  H  22- 6  per 
cent.,  CH^,  *fec.,  4  per  cent.,  N  44  per  cent.  The  Duff  producer  is  made 
by  Messrs.  Mason  for  power  and  heating  purposes ;  the  right  to  work  it, 
with  recovery  of  the  ammonia,  has  been  acquired  by  the  Power  Gas 
Corporation  Company,  the  holders  of  the  Mond  patents. 

Mond  Producer. — In  making  lighting  gas  from  coal  distilled  in 
closed  retorts,  the  gases  are  withdrawn,  and  non-volatile  carbon  remains 
as  coke.  In  power  gas,  practically  all  the  carbon  is  converted  into  gas, 
and  the  volume  of  gases  obtained  from  a  given  weight  of  coal  is  greatly 
increased,  but  for  years  it  was  found  impossible  to  obtain  a  clean  gas, 
free  from  tar,  except  with  anthracite  or  coke  as  fuel.  Usually  no 
attention  is  paid  to  the  recovery  of  the  bye-products,  and  most  generators 
are  worked  at  so  high  a  temperature  that  the  ammonia  formed  during 
gasification  is  destroyed. 

These  disadvantages  are  overcome  in  the  producer  designed  by  Dr. 
Mond,  and  it  is  one  of  the  most  successful  which  has  yet  appeared,  but 
the  gas  requires  to  be  made  on  a  large  scale,  and  a  plentiful  supply  of 
water  is  necessary.  The  objects  aimed  at  are  to  utilise  the  cheapest 
bituminous  small  coal  and  slack,  and  to  recover  the  ammonia  in  the  gas, 
as  much  as  90  lbs.  of  sulphate  of  ammonia  being  now  obtained  per  ton  of 
fuel  burnt,  or  70  per  cent,  of  the  nitrogen  in  the  coal.  A  ton  of  cheap 
slack  yields  from  130,000  to  160,000  cubic  feet  of  gas.  These  results  are 
obtained  by  introducing  a  large  quantity  of  steam,  more  than  double  the 
weight  of  coal,  into  the  generator;  it  is  thus  kept  at  an  equal  and  low 
temperature,  the  coal  does  not  cake,  no  clinker  is  formed,  and  there  are 
very  few  tarry  deposits.  The  fuel  is  fed  in  mechanically  in  quantities  of 
8  to  10  cwts.  at  a  time,  and  uniformity  in  the  composition  of  the  gas  is 
said  to  be  secured  by  the  air  blast  saturated  with  steam.  Another 
advantage  is  that  the  generator  is  fed  with  common  bituminous  slack, 
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a.i)d  even  with  a  partially  caking  ooal.  This  may  be  said  to  be  at  present 
the  great  desideratum  in  all  gas  producers,  and  if  cheap  common  alack 
can  be  burnt  in  them,  they  will  probably  be  generally  adopted  for  large 
powers  and  constant  work.  The  ammonium  sulphate  forms,  as  is  well 
known,  the  best  possible  manure. 

The  essence  of  the  Mond 
process  is  gasiBcation  at  a  low 
temperature,  and  utilisation  of 
the  heat  developed  in  a.  regen- 
erator. At  the  large  plant  in 
use  at  Messrs.  Brnnner  A 
Hond's  works  at  Northwicb, 
England,  the  coal  is  delivered 
from  a  hopper  into  acoal  creeper 
with  suitable  openings  above 
the  row  of  producers  (see  Fig. 

100).     Each  producer  bums  1  I 

ton  of  slack  per  hour,  and  is 
served  automatically  with  suffi- 
cient combustible  for  the  day. 
It  consists  of  a  double  wrought- 
iron  shell,  cylindrical  above  and 
cone-shaped  below,  partly  lined 
with  firebrick,  the  whole  being 
supported  over  a  water  seal, 
into  which  the  outer  shell 
projects.  The  inclined  fire  bars 
forming  the  grate  rest  upon  a 
circular  casting  running  round 
the  bottom  of  the  shell.  At 
the  top  is  a  bell-shaped  vessel, 
into  which  the  slack  is  first 
fed,  partly  distilled  by  the  hot 
furnace  gases,  and  the  tar  in  it 
converted  into  a  fixed  gas  as  it 

passes  downwards.     The  ashes  Pig.  lOft-Mond  Gas  Prodnoer 

fikll  through  the  circular  grate 

and  form  a  cone  extending  to  the  water  seal,  and  the  fresh  combustible 
rests  partly  upon  them.  After  being  drawn  through  the  regenerator, 
the  aa  for  combustion  and  steam  enter  the  shell  at  the  top,  are  forced 
down  through  the  jacket  formed  by  the  double  cylindrical  lining  of  the 
producer,  and,  after  being  thus  twice  heated,  pass  into  the  grate  from 
below.     It  is  on  their  contact  with  the  burning  fuel  that  the  chemical 
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changes  take  place.  The  carbon  burns  to  CO  and  GOj,  and  the  heat 
decomposes  most  of  the  steam,  liberates  a  large  quantity  of  hydrogen, 
and  also  sets  oxygen  free  to  combine  with  the  carbon. 

The  gas  thus  obtained  is  first  led  off  to  the  regenerator,  consisting  of 
two  concentric  vertical  wrought-iron  tubes,  one  within  the  other,  which 
constitutes  one  of  the  principal  features  of  the  apparatus.     The  air  and 
steam  blast  are  led  through  the  outer  pipe  on  their  way  to  the  producer, 
while  the  generator  gas  passes  in  the  contrary  direction  through  the 
inner,  and  an  exchange  of  heat  takes  place.     The  gas  at  a  temperature  of 
about  280*"  C.  is  next  passed  through  a  washing  chamber,  where  water 
is  sprayed  into  it,  the  gas  is  cooled  and  cleansed,  and  steam  is  formed  at 
a  temperature  of  about  90*"  C.      The  mixture  then  enters  the  '^acid 
tower,"  where  the  ammonia  is  withdrawn  in  the  usual  way,  by  means  of 
acid  liquor  containing  4  per  cent,  of  free  sulphuric  acid.     The  solution 
of  sulphate  of  ammonia  is  circulated  again  and  again  through  the  tower 
till  it  has  attained  a  strength  of  36  to  38  per  cent.     The  gases  are  led 
thence  to  the  bas'^  of  a  cooling  tower  12  feet  in  diameter,  where  they  are 
met  by  a  current  of  cold  water,  the  steam  is  condensed,  and  the  tempera- 
ture of  the  gas  rapidly  reduced.     Thus  cleansed,  cooled,  and  freed  from 
ammonia,  it  is  led  off  to  the  gas  mains.     As  the  cold  water  entering  at 
the  top  of  the  tower  becomes  hot  in  its  descent,  it  is  pumped,  on  reaching 
the  bottom,  to  the  top  of  another  tower,  through  which  the  air  for  the 
producer  blast  is  blown ;  the  one  is  heated  and  charged  with  vapour,  and 
the  other  cooled.     A  double  ram  pump  serves  the  two-fold  purpose  of 
sending  on  this  cold  water,  and  the  hot  water  to  heat  the  air ;  the  latter 
being  supplied  by  a  blower,  the  gas  is  always  under  pressure.     Two  and 
a  half  tons  of  steam  per  ton  of  fuel  are  required  if  the  ammonia  is 
recovered ;  where  this  is  not  done,  1  ton  of  steam  suffices.     For  every 
ton  of  coal  treated,  1  ton  of  steam  is  admitted  to  the  producer  with  the 
air,  the  remaining  1^  tons  are  usually  taken  from  the  exhaust  of  steam 
engines  and  pumps,  if  such  are  available.     Much  of  this  steam  is  not 
decomposed,  but  condensed,  on  leaving  the  producer,  and  its  latent  heat 
continuously  utilised.     About  one  million  cubic  feet  of  this  gas  are  used 
per  hour  in  the  works  at  Northwich.     The  process  is  elaborate,  but 
forms  almost  a  complete  cycle  of  heat,  very  little  being  allowed  to  escape. 
The  circulating  water  acts  as  the  heat  agent  between  the  hot  gases  and 
the  cold  air.     One  set  of  towers  will  treat  the  gas  from  six  producers. 
The  first  circular  producer  was  started  in  1893  at  the  Brunner  &  Mond 
Chemical  Works  at  Winnington,  near  North wich,   Cheshire,  and  has 
since  been  working  successfully.     For  power  purposes,  Mond  gas  was 
first  used  at  the  Electric  Station  at  North  wich  in  1894.     The  efficiency 
of  the  system  of  regeneration  is  said  to  be  high.     The  gas  has  a  heating 
value  of  145'6  B.T.U.  per  cubic  foot  saturated,  and  of  156  B.T.U.  dry,  at 
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32*  F.  It  is  said  to  contain  80  per  cent,  of  the  heating  value  of  the  fuel 
Qsedi  which,  according  to  the  inventor,  is  a  higher  heat  efficiency  than  is 
obtained  with  other  producers. 

A  peculiarity  of  Mond  gas  is  the  large  excess  of  air  required,  and 
high  percentage  of  OOj  produced,  but  the  latter  is  said  to  be  counter- 
balanced by  the  amoant  of  hydrogen  present.  Its  chemical  analysis  will 
be  found  at  p.  300.  The  gas  may  be  utilised  in  the  same  way  as  blast- 
furnace gases,  and  burnt  in  gas  engines  to  drive  dynamos  for  a  central 
power  station.  The  recovery  of  the  sulphate  of  ammonia  alone,  if  worked 
on  a  large  scale,  and  if  about  20  tons  of  slack  per  day  are  treated,  is  said 
to  be  sufficient  to  cover  the  cost  of  the  fuel.  The  plant  is  rather  compli- 
cated, but  if  properly  worked,  and  a  good  price  is  obtainable  for  the 
bye-products,  it  may  be  said  to  give  power  for  practically  nothing.  To 
utilise  bituminous  coal,  containing  30  per  cent,  of  volatile  matter,  for  the 
production  of  gas,  is  a  much  needed  improvement.  Like  a  blast  furnace, 
the  Mond  producer,  with  its  extensive  recuperation  of  heat,  is  specially 
suited  to  the  generation  and  transmission  of  electrical  energy  on  a  large 
scale.  The  exhaust  heat  can  now  be  utilised  to  generate  all  the  steam 
required  in  the  Mond  process.  The  gases  discharged  from  the  gas 
engine  are  passed  through  a  small  tubular  boiler  in  which  their  heat 
raises  the  steam.  An  economy  of  20  per  cent,  of  fuel  is  said  to  be 
thus  realised. 

A  trial  of  this  gas  with  a  Grossley  engine  was  made  by  Mr.  Humphrey 
in  1894.  The  thermal  efficiency  was  23*8  per  cent,  per  I.H.P. ;  heat 
efficiency  of  the  generator  80  per  cent.  The  engine  drove  a  dynamo  at  a 
speed  of  191  revolutions  per  minute.  Common  slack  was  burnt,  and 
yielded  160,000  cubic  feet  of  gas  per  ton.  Details  of  the  trial  will  be 
found  in  the  tables  of  power  gas.  The  average  calorific  value  of  the  gas 
taken  in  a  Junkers  calorimeter  was  155  B.T.U.  per  cubic  foot.  A 
Crossley-Otto  two-cylinder  150  H.P.  engine,  worked  with  Mond  gas  to 
drive  a  dynamo  direct,  was  erected  some  years  ago.  During  a  trial  of  this 
engine  in  1897  the  speed  was  162  revolutions  per  minute,  consumption 
of  gas  65  cubic  feet  per  I.  H.P.  hour,  and  of  slack  0*92  lb.  per  I. H.P. 
hour.  The  heat  efficiency  was  26-8  per  cent,  per  I.H.P.,  mechanical 
efficiency  83  per  cent.,  while  the  total  efficiency,  or  ratio  of  useful  elec- 
trical H.P.  to  total  I.H.P.  developed,  was  72*7  per  cent.  In  1898  it  was 
tested  for  continuous  work.  At  90  per  cent,  of  the  full  load  it  ran  with- 
out stopping  night  and  day  for  three  months,  whereas  with  town  gas  the 
valves  require  cleaning,  and  the  engine  must  be  stopped,  once  a  fortnight. 
During  the  run  the  average  thermal  efficiency  was  25 '5  per  cent.  The  engine 
also  ran  139  days  consecutively  without  a  hitch,  from  January  to  June, 
1899,  thus  showing  the  great  purity  of  the  gas.  Another  trial,  particulars 
of  which  will  be  found  in  the  Tables,  was  made  on  a  500  H.P.  Premier 
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"  Bcarenging "  engine,  in  whioh  a  lieat  efficiency  of  34  per  cent,  per 
I.H.P.,  and  25-S  per  cent,  per  B.H.P.  (lower  heating  value)  was  obtained. 
The  plant  at  Northwich  burns  1  ton  of  fuel  per  hoar,  yielding  from 
130,000  to  160,000  cubic  feet  of  gas,  equal  to  8,000  H.P.  The  average 
conBumption  is  about  1^  Ibi.  of  slack  per  electrical  H.P.,  or  1  lb.  per 
B.H.F.  In  engines  developing  up  to  650  U.F.  the  consumption  is  about 
60  cubic  feet  of  Hond  gas  per  B.H.P.  hour.  If  part  of  the  steam  is  raised 
in  a  separate  boiler,  the  H.F.  per  ton  of  xlack  will  be  reduced  to  1,500 
per  hour.  The  power  required  to  drive  the  blower,  pumps,  daahera, 
elevators,  coal-handling  machinery,  &c.,  is  1  H.P.  per  ton  of  slack,  or  1} 
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Fig.  lUl.— Mond  Gob  Plant  at  Warrington. 
per  cent,  of  the  gas  generated,  if  nsed  to  drive  an  engine.     As  regards 
the  cost  of  working,  if  a  good  price  can  be  obtained  for  the  sulphur,  say 
£8  10s.  per  ton,  and  the  slack  coal  can  be  bought  for  3s.  a  ton,  the  coat  of 
the  one  will  cover  the  other,  including  the  working  expenses. 

To  meet  the  demand  for  power  engines,  smaller  producers  have  been 
designed  from  250  H.P.  upwards,  burning  only  5  tons  of  slack  per  twenty- 
four  hours.     In  these  the  ammonia  recovery  towers  are  omitted,  and  the 
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construction  simplified.     Less  steam  is  required,  and  sufficient  can  be 
raised  entirely  from  the  exhaust  of  the  gas  engine. 

In  these  smaller,  as  in  the  larger,  plants  the  composition  of  the  gas 
remains  constant.  A  1,000  H.P.  installation  of  this  kind  has  been  put 
down  at  the  Premier  Gas  Engine  Works,  and  another  of  500  H.P.  to 
work  with  Westinghouse  engines  at  the  Cadbury  Works,  Birmingham. 
Fig.  101  gives  a  view  of  a  plant  at  Warrington,  showing  the  producers 
and  generators.  The  Power  Gas  Corporation,  who  have  taken  over 
Messrs.  Brunner  &  Mond's  patents,  and  also  the  Duff  (see  p.  216),  now 
gasify  250  tons  of  slack  daily,  yielding  37,000,000  cubic  feet  of  gas.  No 
other  heat  or  power  agent  is  used  in  their  works,  and  they  also  supply 
gas  to  drive  three  100  H.P.  Crossley  engines,  which  furnish  the  power  to 
light  the  town  of  Northwich  with  electricity.  Mond  gas  is  now  (1905) 
used  to  develop  nearly  40,000  H.P.  For  further  particulars  of  this 
interesting  system  see  Proceedings  of  the  Institution  of  Civil  EngineerSy 
vol.  cxxix.,  p.  190,  where  drawings  of  the  original  large  plant  will  be 
found. 

French  Gkus  Froduoers — Iioncauchez. — This  system  is  much  used 
for  making  gas  in  France.  It  was  invented  by  M.  Lencauchez,  and  the 
apparatus  being  first  made  at  the  Chantiers  de  la  Buire,  Lyons,  it  w^s 
originally  called  the  Buire-Lencauchez  system.  In  outward  appearance 
the  generator  differs  little  from  the  Lowe,  but  the  gas  is  continuously  pro- 
duced. It  was  adopted  by  MM.  Delamare-Deboutteville  and  Malandin, 
the  inventors  of  the  Simplex  engine,  and  is  still  utilised,  a  Lencauchez 
gas  producer  being  added  to  many  of  the  Simplex  and  other  French 
engines.  It  is  also  applied  to  drive  Otto  engines,  made  by  the  Compagnie 
Fran9aise. 

Fig.  102  shows  an  elevation  and  Fig.  103  a  plan  of  the  improved 
apparatus  by  M.  J.  A.  Lencauchez,  son  of  the  inventor.  A  is  the  valve 
for  admitting  and  regulating  th.e  supply  of  air,  B  is  the  blower  worked 
from  the  small  gas  engine  E,  C  C  are  two  chimneys.  At  G  are  seen  the 
producers,  of  which  there  are  two  in  this  plant ;  between  their  firebrick 
lining  and  outer  iron  casing  is  a  layer  of  sand.  S  is  the  scrubber  filled 
with  coke,  from  whence  the  gases  pass  to  the  purifier  P  through  the  tar 
condenser  T.  The  fuel  is  charged  by  hand  through  a  hopper  above  the 
furnace,  and  the  clinkers  and  ashes  are  withdrawn  once  in  twenty-four 
hours.  A  current  of  air,  sometimes  heated  by  the  hot  gases  from  tlie 
generator,  is  sent  into  the  latter  from  the  fan  or  blower.  A  small  stream 
of  water,  preferably  drawn  from  the  jacket  of  the  gas  engine,  is  admitted 
into  a  hollow  trough,  and  falling  through  the  bars  on  to  the  grate,  is 
there  evaporated,  mixes  with  the  blast  of  compressed  air,  and  the  two  pass 
together  into  the  furnace.  The  gases  are  then  led  from  the  top  of  the 
furnace  into  the  coke  scrubber,  upon  which  water  from. a  siphon  is  con- 
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tinually  playing  through  a  perforated  cone  or  diatributor.  The  door  for 
vitbdrawiag  and  charging  the  coke  when  required  in  shown  at  the 
bottom  of  the  scrubber  S.     On  their  way  the  gases  pass  a  hydraulic  joint, 


Fig.  102. — Lenc&ucbez  Gas  Plant— Elevation. 

which  is  intended  to  prevent  the  return  of  any  gaa  to  the  furnace.     They 
are  next  delivered  soaietimes  to  a  distributing  chamber,  sometimeB  direct 


Fig.  103.— Lenoaucbez  Gas  Plant— Plan, 
to  the  gasholder.     By  an  ingt'nioua  arraugement  the  furnace  can  be  abut 
off  for  a  few  minutes,  the  injection  of  air  and  steam  suspended,  and  the 
engine  driven  by  gas  from   the  bolder  while  the  grate  is  cleaned,  ^^ 
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operation  only  necessary  about  once  in  twenty-four  hours.  The  holder, 
of  course,  contains  sufficient  gas  for  starting  the  engine.  The  production 
of  gas  is  regulated  by  a  valve  attached  by  a  chain  to  the  top  of  the  gas- 
holder, through  which  the  compressed  air  passes  to  the  furnace.  As  soon 
as  the  holder  is  filled,  the  valve  I  is  automatically  raised,  and  the  air  is 
not  allowed  to  enter  the  furnace  until  the  contents  of  th^  holder  have 
been  reduced. 

The  advantages  of  this  Lencauchez  gas  producer  are  its  economy  of 
heat   and  its  simplicity,  no  boiler  being  required.     Both  the  air  and 
water  are  usually  heated  before  they  enter  the  furnace,  and  heat  is 
thus  utilised.     This  producer  can  also  be  used  to  generate  gas  from 
cheap  and  poor  coal  and  lignite.     MM.  Lencauchez  do  not  find  it  neces- 
sary to  bum  costly   English  anthracite  in  the  producer,  but  inferior 
bituminous,  non-caking  French  coal,  which  is  much  cheaper;  a  caking 
coal  is  found  to  clog  the  generator.     The  system  is  especially  adapted 
for  use  where  best  coal  is  difficult  to  procure.     French  anthracite  has 
neither  the  same  calorific  value,  nor  is  it  as  pure  as  English.     Gas  made 
on  the  Lencauchez  system  with  English  anthracite  has  a  heating  value 
of  about  174  B.T.XJ.  per  cubic  feet  at  ordinary  temperature  and  pres- 
sure ;  when  cheap  French  anthracite  coal  is  used,  its  heating  value  is 
152  B.T.U.  per  cubic  foot.     With  large  motors  driven  by  Lencauchez 
gas,  the  consumption  of  fuel  is  about  1*3  lbs.  of  good  anthracite  per 
B.H.P.  per  hour.     Several  large  power  plants  worked  with  this  gas  have 
been  erected  by  the  French  Compagnie  Otto,  especially  one  at  Lyons, 
developing  1,050  H.P.     It  consists  of  three  two^iylinder  engines,  each 
of  300  H.P.,  all  working  on  to  the  same  crank  shaft,  and  one  engine 
of  150  H.P.     There  is  also  a  Lencauchez  generator  driving  a  160  H.P. 
engine  at   Birmingham,  and  applications  of  the  system  in  France  are 
very  numerous.     The  table  of  trials  with  power  gas  at  the  end  of  the 
book  gives  several  tests  with  these  plants.     The  heat  efficiency  of  the 
generator  is  from  75  per  cent,  to  80  per  cent,  of  the  total  heat  in  the 
fuel. 

Various  papers  have  been  published  by  M.  Lencauchez,  senior, 
during  the  last  fifteen  years,  in  the  Proceedings  of  the  SociStS  des 
Ingenieura  Civilsy  Paris,  and  other  scientific  periodicals,  and  he  has 
made  a  careful  study  of  the  subject.  Both  gentlemen,  father  and  son, 
have  been  constantly  working  to  improve  their  generators. 

Taylor  (Fiohet  and  Heurtey).  —  The  special  feature  of  this 
generator,  made  by  MM.  Fichet  and  Heurtey,  and  now  by  M.  Taylor 
et  Cie.  in  France,  and  known  as  '*  Gaz  Mixte/'  is  that  most  of  the  heat 
of  the  gaaes  is  refunded  to  the  furnace,  instead  of  being  wasted  by  cool- 
ing them  in  the  scrubber.  The  process  is  called  '^Gaz  Mixte"  because 
producer  and   water   gas  are   made    simultaneously,   by   injecting   air 
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charged  with  steain  into  the  centre  of  the  glowing  combustible.  The 
characteristic  features  of  the  generator  are  (1)  Utilisation  of  some  of 
the  waste  heat  of  the  gases  to  superheat  the  steam  and  air;  (2)  Large 
quantity  of  steam  admitted ;  and  (3)  High  pressure  of  the  hot  air  sent 
on  to  the  furnace.  The  air,  thoroughly  saturated  by  the  large  amount 
of  steam,  is  further  heated  by  passing  it  through  a  regenerator,  in  the 
contrary  direction  to  the  gases  from  the  furnace.  Thus  charged  with 
vapour  it  enters  the  generator  from  below,  and  passing  up  through 
the  clinker  moistens  it  and  prevents  it  from  adhering  to  the  sides.  The 
steam  being  superheated  before  it  reaches  the  injector,  draws  in  with  it 
a  considerable  amount  of  air,  giving  a  high  pressure.  Although,  owing 
to  the  large  quantity  of  steam  with  which  the  air  is  charged,  common 
and  poor  cheap  coal  can  be  burnt  instead  of  €bnthracite,  the  gas  produced 
has  a  relatively  high  calorific  value,  varying  from  168  to  196  B.T.U. 
per  cubic  foot.  A  separate  boiler  is,  however,  necessary.  There  is  no 
grate,  the  coal  being  charged  from  a  hopper  above  automatically  on  to 
a  flat  horizontal  iron  plate,  slightly  raised  in  the  centre,  through  which 
the  tube  passes  conveying  the  air  and  steam  blast.  The  bottom  of  the 
plate  is  covered  with  clinker,  and  tlie  steam  and  air  percolate  freely  through 
it.  To  clear  the  furnace  a  handle  outside  is  turned,  the  iron  plate 
revolves  slowly  on  its  vertical  axis,  and  the  clinker  is  shaken  down  into 
the  ash  box  below ;  the  latter  'is  emptied  once  a  week.  Thus  the 
furnace  is  mechanically  fed  and  cleared.  When  the  steam  is  brought 
in  contact  with  the  glowing  fuel,  it  is  immediately  decomposed  and 
converted  into  water  gas,  and  enriches  the  gas  formed  from  the  air. 
Fig.  104  gives  a  sectional  view  of  the  plant. 

A  number  of  these  '*  mixed  "  gas  producers  are  in  use  in  France  and 
elsewhere.  There  is  an  interesting  plant  near  Marseilles,  working  a 
22  H.P.  Niel  engine,  a  trial  of  which  will  be  found  in  Table  No.  5 ;  the 
consumption  was  1*7  lbs.  of  coke  per  B.H.P.  hour.  The  Taylor  system 
has  also  been  applied  at  Orleans,  where  electricity  for  driving  the 
tramways  is  provided  by  two  twin-cylinder  Crossley  engines,  each 
indicating  165  H.P.  and  running  at  180  revolutions  per  minute. 
They  are  driven  by  Taylor  "  Gaz  Pauvre "  and  the  consumption  is  1  '3 
lbs.  anthracite  per  B.H.P.  hour ;  the  producer  gas  is  used  to  fire  the 
small  boiler.  In  an  earlier  trial  of  a  Schleicher-Schumm  Otto  engine 
worked  with  Taylor  gas  (made  by  Winaud  in  America)  the  consumption 
of  anthracite  was  the  same.  It  has  also  been  used  to  drive  a  66  H.P. 
Niel  engine. 

MM.  Taylor  are  of  opinion  that  lighting  gas  is  too  costly  to  be  used 
in  France  with  advantage  to  drive  gas  engines,  except  for  very  small 
powers,  and  they  have  brought  out  an  engine  of  their  own  make, 
specially  designed  to  work  with  a  suction  gas  producer  they  have  lately 
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introduced.  The  engine  is  of  the  ordinary  four-cycle  type,  strongly 
built,  and  has  a  centrifugal  governor.  The  producer  consists  of  a 
cylindrical  generator,  a  small  cylindrical  vaporiser,  and  the  coke  scrubber 
and  gas-expansion  box.  The  furnace  or  combustion  chamber  is  lined 
with  firebrick,  the  fuel  is  fed  in  through  a  hopper,  and,  as  it  bums,  sinks 
down  upon  the  base  plate.  There  are  two  doors  for  withdrawing  the 
ashes  and  lighting  the  fire,  which  is  started  by  a  hand  fan,  and  cleared, 
while  at  work,  by  inserting  a  small  poker  from  below.  The  vaporiser  is 
filled  with  water,  and  the  gases  from  the  producer  are  drawn  through  it 
by  the  suction  of  the  motor  piston.  The  same  process  s^ves  to  cool  the 
gases  and  produce  steam,  which  is  led  off  to  the  bottom  of  the  furnace, 
air  being  drawn  in  with  it.  The  two  pass  upwards  through  the 
generator,  are  decomposed  by  the  heat  of  combustion,  and  the  chemical 
reactions  necessary  to  form  producer  gas  are  obtained.  The  gas  is  then 
drawn  through  the  vaporiser,  cleansed  and  further  cooled  in  its  passage 
through  the  scrubbers,  and  finally  sucked,  by  the  action  of  the  piston, 
through  the  expansion  box,  which  acts  as  a  reservoir,  to  the  motor 
cylinder.  The  horizontal  engine  and  producer  are  made  in  sizes  from 
6  to  160  B.H.P.,  with  a  speed  of  230  to  160  revolutions  per  minute. 
More  than  12,000  H.P.  have  been  supplied.  The  100  H. P.  Electric 
Station  at  l^tampes  consists  of  two  electric  plants,  and  two  Taylor 
engines  and  suction  producers,  each  developing  about  54  B.H.P.  The 
suction  stroke  of  the  engine  is  said  to  ensure  the  uniform  composition 
of  the  gas,  and  the  expansion  box  to  regulate  the  pressure. 

Fierson. — MM.  Pierson,  who  are  the  makers  of  the  Crossley-Otto 
engine  in  France,  have  also  brought  out  one  of  the  most  successful  of 
modem  gas  producers.  The  essential  characteristic  of  their  generator  is 
said  to  be  that  the  gas  is  thoroughly  purified.  The  makers  consider  it 
undesirable,  on  the  score  of  economy,  to  restrict  the  number  of  purifiers, 
and  admit  a  gas  which  is  not  perfectly  cleansed  into  an  engine  cylinder. 
The  same  care  should  be  exercised  in  this  respect  with  producer  as  with 
lighting  gas,  since  the  same  products  and  inert  gases  are  generated  in 
both  cases,  though  not  in  the  same  proportions;  and  the  generator  should 
form  an  essential  part  of  all  large  gas  engines.  Like  other  producers, 
the  Pierson  yields  a  mixed  gas,  in  which  steam  and  air,  acting  on  the 
coal,  combine  to  form  H  and  00.  The  gasholder  is  large,  and  the  gas  of 
fairly  constant  quality  and  heating  value.  It  is  contended  that^  the 
greater  the  care  bestowed  on  these  points,  the  better  will  an  engine 
work  when  driven  with  power  gas.  A  perfectly  purified  gas  cannot, 
however,  be  obtained  without  several  purifiers,  and  the  Pierson  pro- 
ducer is  perhaps  somewhat  complicated. 

It  consists  of  a  small  high-pressure  boiler  and  an  air  comprd^sor,  from 
which  a  regulated  quantity  of  air  and  steam  are  sent  on  to  the  generator. 
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Th«  mixture  is  preTionsly  superheated  by  the  waste  heat  from  the 
fnmace,  and  the  heat  thus  added  counteracts  that  absorbed  hj  Hie 
chemical  deoomposition  of  the  steam.     Oheap  anthracite,  coke,  or  poor 


coal  is  fed  in  automatically  from  a  hopper  above.  On  leaving  the 
producer  the  gases  are  condensed  in  a  cylindrical  cooling  tower,  where 
the  tar  is  deposited,  and  thence  led  to  the  washer,  a  column  filled  with 
coke  moistened  with  water,  where  the  ammonia  and  dust  are  retained. 
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Lastly,  they  pass  to  the  purifiers,  and  are  said  to  be  completely  freed 
from  the  COj  and  sulphuretted  hydrogen  before  they  reach  the  gasholder. 
All  the  parts  of  the  generator  are  large,  and  ample  space  is  afibrded  in 
all  the  passages  and  connections,  while  the  process  of  gas-making  is 
purposely  retarded,  to  allow  time  for  the  different  chemical  reactions. 

The  quality  and  pressure  of  the  gas  are  sometimes  tested  at  intervals 
during  its  production.  At  M.  Danel's  Printing  Works  in  the  North  of 
France,  where  two  16  H.P.  and  28  H.P.  Crossley  engines  have  been 
working  with  a  Pierson  generator  since  1898,  careful  calorimetric  tests 
were  made  every  half-hour  with  a  Junkers  calorimeter,  to  determine 
the  heating  value  of  the  gas,  and  remarkably  consistent  results  were 
obtained.  Taken  at  five  intervals  of  30  minutes  each,  at  0*  C.  and 
76  cm.  pressure,  the  heating  value  was  found  to  be  1,325,  1,306,  1,301, 
1,316,  and  1,303  calories  per  cubic  metre,  equal  respectively  to  148*4, 
146-2, 145-7, 147-3,  145-9  B.T.U.  per  cubic  foot,  or  a  mean  of  146-7  B.T.U. 
Few  generators  give  such  uniform  heating  value  per  hour.  From  1 
kilo,  of  poor  non-bitumiuous  coal  4  cubic  metres  of  this  gas  can  be 
made,  equal  to  64  cubic  feet  per  lb.  The  quantity  required  is  about 
four  and  a  half  times  that  of  lighting  gas,  and  an  engine  driven  with 
Pierson  gas  gives  from  75  to  90  per  cent,  of  the  power. 

This  producer  (see  Fig.  105)  is  especially  designed  to  work  with  very 
small  coke,  or  poor  hard  French  coal  of  any  kind,  even  such  as  cannot  in 
many  cases  be  otherwise  utilised.  It  is  even  claimed  for  it  that  these 
inferior  fuels  are  more  suitable  than  anthracite.  One  of  the  most 
important  Pierson  plants  is  at  the  Tunis  Gas  Works,  where  three 
generators  have,  since  May,  1901,  supplied  power  gas  to  drive  four 
Crossley  engines,  each  developing  195  H.P.  The  producers  are  fed  with 
coke  from  the  gas  works  on  the  spot,  and  provide  electricity  to  light  the 
town.  The  steam  and  air  are  led  through  a  superheater  on  their  way  to 
the  generator.  Another  plant  at  Cassel,  near  Dunkirk,  was  tested  by 
Professor  Witz  in  1900.  There  are  two  generators  feeding  three  26  H.P. 
Crossley  engines,  which  provide  electricity  to  drive  the  town  tramways. 
As  only  rain  water  is  available,  steam  engines  could  not  be  used.  The 
water  for  cooling  the  cylinders  is  continuously  circulated,  and  that 
required  for  the  small  boiler  is  reduced  to  a  minimum.  During  the  test 
the  heating  value  of  the  gas  was  139  B.T.U.  per  cubic  foot,  and  the 
consumption  of  poor  small  French  coal  1-4  lbs.  per  B.H.P.  hour.  Other 
plants  are  at  Cannes,  where  a  Pierson  generator  drives  a  100  H.P. 
Crossley  engine,  and  at  the  well-known  Motor-Car  Works  of  De  Dion  & 
Bouton.  Here  there  are  ten  Crossley  engines,  driven  by  two  Pierson 
producers,  which  have  been  working,  often  night  and  day,  since  1897. 

MM.  Pierson  have  also  brought  out  a  well-designed  suction  gas  plant. 
The  difficulties  with  this  kind  of  producer,  of  utilising  poor  coal,  and 
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of  generating  with  regularity  gas  of  a  uniform  composition,  seem  to 
have  been  overcome.  The  plant  consists  of  a  small  circular  water 
chamber  or  boiler,  surrounding  the  bottom  of  the  furnace,  which  is  lined 
with  firebrick,  and  rests  on  a  base-plate,  open  at  the  bottom  for  the 
removal  of  the  cinders  and  ashes.  Sufficient  fuel  for  ten  or  twelve  hours' 
work  is  charged  into  the  generator  from  above,  through  a  hole  in  the 
cover,  or  a  hopper.  The  steam  generated  bj  the  heat  of  the  furnace  is 
drawn  by  the  suction  of  the  piston,  together  with  a  given  quantity  of  air, 
through  the  glowing  combustible  to  the  condenser,  a  wide  tube,  sur- 
rounded by  a  double  water  jacket.  Here  the  gases  are  cooled,  the  tar 
condensed,  and  the  dust  withdrawn  at  the  bottom.  The  gas  is  finally 
cleansed  in  a  coke  scrubber  and  a  >dry  purifier,  and  then  passed  to  the 
engine.  Combustion  is  started  by  a  small  hand  fan.  Variations  in  the 
composition  of  the  gas,  to  suit  the  work  required,  are  obtained  by  an  in- 
genious device.     If  the  quantities  of  steam  and  air  entering  the  generator 

Scale— 1  mm.  =  1  kilogr.  =  14**22  Iba.  per  square  inch. 
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Fig.  106. — Indicator  Diagram  of  29  H.P.  Engine  worked  with  Pierson 

Suction  Producer. 

were  always  the  same,  the  fire  would  be  almost  extinguished  when  the 
engine  is  running  light,  and  the  suction  small,  while  the  temperature  of 
the  furnace  would  be  greatly  increased  when  the  engine  is  working  at 
maximum  load.  The  amount  of  air  entering  is  always  the  same.  The 
quantity  of  steam  is  made  to  vary  with  the  work,  by  means  of  a  small  air 
vessel  with  two  valves  fixed  on  the  condenser.  One  of  these  communi- 
cates with  the  main  gas  supply  pipe ;  the  other  is  closed  by  a  flexible 
membrane,  and  connected  through  a  lever  and  rod  with  the  steam  valve. 
Communication  with  the  outer  air  is  maintained  through  a  cock  at  the 
top.  If  much  gas  is  required  a  vacuum  is  produced  in  the  air  vessel,  the 
membrane  is  sucked  against  it,  the  lever  and  rod  are  drawn  up,  and  the 
steam  valve  fully  opened.  If  little  gas  is  needed,  the  vacuum  is  re- 
duced, the  membrane  scarcely  lifted,  and  the  steam  valve  only  slightly 
opened,  or  not  at  all.  The  fires  are  cleaned,  while  the  generator  is  at 
work,  by  means  of  a  vertical  mechanical  poker,  moved  by  a  lever  from 
below.     The  amount  of  suction  required  to  draw  air  and  steam  through 
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the  producer  has  been  shown  by  dia^^rams  indicating  the  vacuum  to  be  no 
more  than  ^  inch. 

In  the  smaller  sizes  of  this  suction  producer  there  is  no  separate 
condenser.  The  tar  and  dust  are  eliminated,  and  the  gases  condensed, 
bj  leading  them  through  a  pipe  passing  down  the  centre  of  the  scrubber, 
and  cooled  by  water  sprayed  from  above.  The  dust  collects  at  the 
bottom,  and  is  washed  out  with  the  water.  The  producer  is  made  for 
powers  from  8  to  15  H.P.  without,  and  up  to  100  H.P.  with  a  condenser. 
Fig.  106  shows  an  indicator  diagram  of  a  29  H.P.  engine,  fed  with  gas 
from  a  Pierson  suction  producer.  A,  careful  trial  was  made  in  May, 
1904,  on  a  Pierson  generator  working  a  35  H.P.  Crossley  engine,  and 
fired  with  small  broken  coke.  From  this  poor  fuel,  containing  15  per 
cent,  ash,  gas  of  127*6  B.T.CT.  per  cubic  foot  heating  value  was  obtained. 

Letombe. — ^A  gas  producer  of  simple  design  has  been  brought  out  by 
M.  Letombe  (Compagnie  des  Fives-Lille).  It  consists  of  a  cylindrical  fire 
chamber,  into  which  the  fuel  is  charged  from  the  top  through  a  hopper. 
Air  is  sent  to  the  bottom  of  the  furnace  by  a  fan,  and  a  suitable  quantity 
of  water  being  previously  injected  into  it,  is  converted  into  a  fine  mist  or 
spray  by  the  force  of  the  blast.  Originally  the  air  and  water  vapour 
were  first  led  through  a  spiral  coil  round  the  combustion  chamber,  but 
this  is  no  longer  considered  necessary.  The  mere  pulverisation  of  the 
water  by  the  air  current,  the  quantities  of  both  being  carefully  regulated, 
is  said  to  be  sufficient  to  furnish  the  steam  necessary  for  the  proper 
working  of  the  generator.  The  gas  produced  is  led  off  at  the  top  of  the 
furnace,  and  cooled  and  cleansed  by  passing  it  successively  through  a 
hydraulic  box,  and  coke  and  sawdust  scrubbers,  in  the  usual  way.  The 
generator  can  only  be  fired  with  anthracite  or  coke;  the  consumption 
is  about  1  lb.  anthracite  per  B.H.P.  hour.  M.  Letombe  has  also  intro- 
duced a  suction  gas  producer  of  the  ordinary  kind.  To  this  a  so-called 
"  compensator  "  is  added,  consisting  of  a  small  gasholder  to  equalise  the 
pressure,  and  cause  the  producer  to  work  at  atmospheric  pressure, 
instead  of  below  it,  as  in  most  suction  gas  plants.     (See  Table  No.  6.) 

Gterman  G«8  Producers. — The  Deutz  firm  have  devoted  special 
attention  to  gas  producers,  being  among  the  first  to  recognise  their 
great  importance.  That  this  is  now  fully  realised  in  Germany  is  shown 
by  the  fact  that  more  than  500  electric  works  are  driven  by  power  or 
producer  gas ;  of  gas  made  on  the  Dowson  system  the  Deutz  firm  alone 
have  supplied  245  plants,  giving  20,000  H.P.  To  obviate  the  necessity 
of  burning  anthracite  or  coke,  they  have  brought  out  a  low-pressure 
producer,  in  which  bituminous  coal  is  converted  into  clean  gas,  suitable 
for  driving  engines.  The  apparatus  consists  of  a  generator  in  two  parts, 
an  outer  annular  chamber  filled  with  water  surrounding  the  inner  com- 
bustion chamber,  a  coke   scrubber,  exhauster  or  fan,   and   gasholder. 


DEUTZ  GAS  PRODUCERS.  23 1    ■ 

The  top  of  tlie  generator  ia  open,  and  air  in  admitted  both  above  and 
below.  The  water  in  the  circular  chamber  is  converted  into  steam  by 
radiation  from  the  famace  and  the  heat  of  the  gases,  and  the  steam  thus 
formed  is  led  off  through  a  pipe  to  the  bottom  of  the  generator.  Coal  is 
fed  into  the  upper  part,  where  the  process  of  distillation  commences,  and 
the  gases  of  combustion  pass  downwards  through  the  glowing  fuel,  till 
they  meet  the  water  gas  produced  at  the  bottom  of  the  generator  by  the 
mixture  of  steam  and  Mr  drawn  in  from  below.  Here  the  tar  is  decom- 
posed, the  coal  oonverted  into  coke,  and  the  gas  drawn  off  is  quite  clean. 
The  fan  draws  air  from  above  into  the  fresh  Aiel,  from  below,  together 
with  steam,  into  the  column  of  incandescent  coal,  and  also  into  the 
annular  vapour  chamber.  From  thence  the  gas  is  sent  into  the  scrub- 
ber, and  through  a  washer  to  the  bolder,  the  supply  being  antomati' 
cally  regulated  by  the  action  of  the  fan. 


Fig.   107. — DeutE  Suction  Gaa  Producer. 

Several  large  plants  in  j  Germany  are  already  at  work  with  this 
producer,  one  of  which  is  supplying  a  400  H.P.  engine.  It  has  also  been 
auccessfnlly  used  for  making  gas  from  dry  peat,  of  7,200  B.T.U.  per  lb. 
heating  value,  and  containing  17  per  cent,  water.  Ia  a  trial  made  by 
Professor  Meyer,  the  mean  heating  value  of  the  gas  was  108*5  B.T.U. 
per  cubic  foot.  A  generator  for  making  gas  from  brown  cool  has  also 
been  brought  out,  which  differs  from  the  Dowson  apparatus  only  by  tlie 
addition  of  a  dust  catcher  placed  behind  the  producer.  According  to  the 
percentage  of  moisture  in  the  coal,  steam  is  either  blown  in,  or  the  steam 
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jet  suppressed,  and  air  alone  admitted.  Brown  ooal  contains  more  tar 
than  anthracite,  and  therefore  more  thorough  cleaning  of  the  gas  ia 
required.  It  was  with  this  coal  that  Professor  Meyer's  trial  was 
made. 

In  the  Deutz  suction  gas  producer,  shown  at  Fig.  107,  the  exhauster 
is  dispensed  with,  and  the  vapour  chamber  surrounds  the  top  of  the 
closed  generator.  The  suction  of  the  piston  causes  a  vacuum,  and  in- 
duces a  current  of  air  from  the  open  end  of  the  vapour  chamber,  which, 
after'  passing  over  the  hot  surface  of  the  water  and  becoming  charged 
with  steam,  is  led  to  the  bottom  of  the  generator.  The  level  of  water  is 
maintained  uniform,  and  anj  excess  is  carried  off  to  the  lower  part  of  the 
furnace.  As  the  gas  is  automaticallj  produced,  the  relative  proportions 
of  steam  and  air  do  not  vary.  By  filling  the  charging  hopper,  the 
generator  and  engine  will  work  without  attention  for  hours,  but  only 
anthracite  or  coke  can  be  used.  The  consumption  is  from  1^  lbs.  to  0*9  lb. 
coke,  and  1*2  lbs.  to  0*7  lb.  anthracite  per  B.H.P.  hour.  More  than  1,500 
of  these  suction  producers,  with  an  aggregate  of  50,000  H.P.,  have  been 
made  since  July,  1901.  They  have  been  applied  to  marine  purposes,  and 
a  small  river  vessel,  of  280  tons  burden,  has  been  successfully  driven  by 
a  20  H.P.  engine  and  suction  producer.  A  60  H.P.  engine  worked  with 
a  pressure  gas  producer  fired  with  brown  coal  containing  50  per  cent, 
moisture  was  shown  at  the  Diisseldorff  Exhibition.  The  producer  is 
made  from  6  to  160  B.H.P. 

Both  pressure  and  suction  gas  producers  are  also  made  by  MM. 
Eoerting,  to  work  with  anthracite  or  coke.  The  former  are  on  the 
Dowson  system,  with  a  small  steam  boiler,  and  the  usual  generator,  coke 
and  sawdust  purifiers,  and  gasholder.  In  the  suction  producer  there  is 
no  boiler  or  holder.  The  steam  is  generated  in  the  condenser,  a  small 
vertical  vessel  at  the  side  of  the  cast-iron  or  wrought-iron  generator; 
the  fuel  is  fed  into  the  latter  through  a  hopper  from  above.  The  hot 
gases  are  led  off  at  the  top  of  the  generator,  and  pass  down  through 
the  condenser,  where  they  are  cooled,  and  impart  their  heat  to  the 
air  drawn  in  by  the  suction  of  the  piston,  and  to  the  water  in  the 
condenser.  These,  in  the  shape  of  steam  or  water  vapour,  are  led 
to  the  bottom  of  the  generator,  and  are  converted  into  gas  in  their 
upward  passage  through  the  fuel.  From  the  condenser  the  gases  are 
passed  through  a  regulating  valve  to  the  coke  scrubber,  and  thence  to 
the  engine  as  required.  The  number  of  purifiers  depends  on  the  kind 
pf  fuel  used,  and  MM.  Koerting,  like  other  makers,  lay  stress  on  a 
complete  purification  of  the  gas.  Suction  gas  producers  are  made  from 
4  to  400  H.P.  In  the  smaller  sizes  combustion  is  started  by  a  hand  £ui, 
larger  producers  require  from  ^  to  3  H.P.  to  start  them.  A  plant  to 
work  with  peat  fuel  is  now  being  erected  in  Sweden,  and  in  other  pro- 
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dacera  lignite  ia  atUised.    The  consumption  of  anthramts  is  about  0'& 
lb.  to  1-1  lbs.  per  RH.P.  hour. 

The  Tereinigte  UasoUnen-Fabrik  Augabnrg,  and  Huahinen- 
Baa  OeseUscdiaft  HnreinbeTg  alto  make  gas  producers.  These  are  of 
three  kinds — presanre  generators  of  the  Dowaon  type,  with  boiler  and 
gasholder;  suction  producers,  as  already  described,  in  which  a  mixture  of 
steam  and  air  is  drawn  through  the  generator  by  the  suction  of  the 
engine,  the  steam  beiug  generated  by  the  heat  of  the  gases  of  combustion 
in  a  small  vessel  contiguous  to  the  furnace  ;  and  a  third  system,  similar 
to  the  last,  with  the  addition  of  a  fan,  to  sock  the  gaaes  from  the 
generator,  and  send  them  on  to  the  engine.  They  are  also  makii^f 
experimeute  with  a  small  producer  plant,  to  be  worked  with  bituminoue 
ooal,  in  which  the  tar  is  sud  to  be  burnt  in  the  generator  itself.  Fig. 
108  gives  a  seotional  view  of  a  suction  producer. 


Fig.  108,— Nuremberg  Suction  Gai  Producer. 

The  Maaohinen-Fabrik  Kappel  have  also  brought  out  a  suction 
gas  producer  of  the  usual  type.  It  consists  of  a  generator  with 
vaporiser  attached,  in  which  the  water  is  converted  into  steam  by  the 
heat  of  the  gases.  The  suction  of  the  piston  draws  air  and  steam> 
ibroogb  the  generator,  and  the  gas  thus  formed  is  led  off  through  a 
■crnbber,  hydraulic  box,  a  dust  separator,  and  an  expansion  chamber, 
where  any  tar  remaining  is  said  to  be  deposited.  Only  anthracite  or 
coke  can  be  used;  the  producer  is  made  from  4  to  120  H.P. 
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Beohstein. — ^The  suction  gas  producer  made  bj  this  firm  for  anthra- 
cite or  coke  is  of  the  usual  type,  with  generator  and  adjacent  vaporiser, 
a  coke  scrubber  and  gas-collector.  The  ash  pit  is  surrounded  by  a 
water  jacket,  and  the  water  thus  heated  flows  to  the  vaporiser,  where  it 
is  converted  into  steam,  and  passed  through  a  separate  pipe  to  the 
bottom  of  the  generator.  Here  it  is  mixed  with  air  drawn  into  the 
vacuum  produced,  and  the  gases  generated  are  treated  as  already 
described.  These  producers  and  gas  engines  are  made  from  4  to  60  H.P. 
and  run  at  250  to  180  revolutions  per  minute. 

Oberiirsel  (Q-nome). — This  enterprising  firm  has  produced  a  suction 
gas  plant  of  the  type  already  described.  The  upper  part  of  the  generator 
is  surrounded  by  a  water  vessel  communicating  on  one  side  with  the 
open  air,  on  the  other  with  a  pipe  leading  to  the  bottom  of  the  furnace. 
The  steam  here  formed  is  mixed  with  air,  passes  downwards,  enters  the 
furnace  from  below,  and  the  two  are  converted  into  gas,  and  led  off  at 
the  top.  Heavy  incombustible  substances  are  deposited  in  the  pipe 
connected  to  the  coke  scrubber;  the  remaining  impurities  are  washed 
out  as  the  gases  ascend.  If  the  temperature  of  the  furnace  rises,  more 
steam  is  generated,  and  the  excess  of  heat  thus  counteracted.  An 
overflow  pipe  carries  off  the  surplus  water  to  the  ashpit,  where  it  is 
evaporated,  and  helps  to  enrich  the  gas.  The  water  from  the  scrubber 
is  collected  at  the  bottom,  and  forms  a  seal  to  the  gas.  For  powers 
above  30  H.P.  an  additional  purifier  is  required.  These  plants  are 
started  by  a  hand  fim  in  from  fifteen  to  twenty  minutes,  and  anthracite 
or  coke  is  fed  in  once  in  every  two  or  three  hours.  They  are  made  to 
work  with  vertical  engines  in  eight  sizes,  from  4  to  20  H.P.,  and  with 
horizontal  engines  up  to  140  H.P.  The  consumption  is  from  0*8  lb.  to 
1'4  lbs.  anthracite  per  B.H.P.  hour. 

The  Ijangensiepen  suction  gas  producer  is  similar  to  the  Oberiirsel, 
and  consists  of  a  generator  enclosing  an  evaporating  chamber  for  the 
steam,  a  coke  scrubber,  and  gas  collector.  Anthracite  or  coke  are  used ; 
if  the  latter  fuel  be  burnt,  a  sawdust  purifier  is  also  required.  The  plant 
is  made  in  sizes  from  6  to  125  'H.P. 

Suction  gas  producers  of  the  ordinary  type  are  also  made  by  the 
Sohweizerisohe  Masohinen-Fabrik,  Winterthur  (see  p.  187). 

Fintsoh. — The  firm  of  J.  Pintsch,  of  Fiirstenwalde,  Germany,  have 
long  made  producer  and  water  gas  on  the  intermittent  system,  and  claim 
to  run  three  engines,  developing  600  H.P.  on  producer  gas  alone,  of 
87  B.T.U.  per  cubic  foot  (780  calories  per  cubic  metre)  heating  value. 
Difficulties  were  at  first  found  in  regulating  the  pressure  with  gas  of 
such  low  calorific  power,  but  these  have  been  overcome  by  placing  a 
governor  in  the  gas  main,  formed  of  a  simple  cylindrical  tank,  closed 
above  by  an  inverted  bell.     At  the  dead  point  after  thcr  suction  stroke, 
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when  the  engines  draw  less  gas,  the  govemor  bell  rises;  when  the 
pressure  of  gas  is  greatest  in  the  motor  cylinder  it  fisdls.  Variations 
in  pressure  are  thus  corrected,  the  ratio  of  pressure  of  gas  to  air 
being  maintained  constant.  The  water  gas  at  these  works  is  used  for 
heating  purposes. 

Herr  Pintsch  has  now  introduced  a  suction  gas  producer.  One  of 
these  plants  was  applied  in  1901,  with  much  success,  to  drive  the  electric 
light  plant  at  Heusy  in  Belgium,  where  it  was  seen  at  work  by  Mr. 
Dugald  Olerk.  The  generator  is  of  the  usual  type ;  the  fuel  is  charged 
in  at  the  top  through  a  sliding  hopper,  to  exclude  the  air.  The  producer 
gases  are  led  through  a  pipe  down  the  centre  of  the  condenser,  a 
cylindrical  vessel  filled  with  water,  which  their  heat  converts  into  steam. 
From  thence  they  pass  through  a  box,  forming  a  water  seal,  to  the 
scrubbers  and  dust  purifiers,  and  from  them  to  the  pressure  governor 
and  engine.  The  former  is  similar  to  the  governor  already  described, 
but,  instead  of  a  bell,  it  carries  a  float  which  rises  or  falls  in  accordance 
with  the  pressure  in  the  engine  cylinder.  The  air  for  the  generator  is 
drawn  in  through  a  pipe  from  the  outer  air,  through  which  the  gases  can 
escape  if  the  engine  stops  working.  As  the  generator  is  worked  at 
atmospheric  pressure,  the  fire  doors  are  easily  opened,  and  the  ashes  and 
clinker  removed.  The  consumption  is  about  1*1  lbs.  coke  or  0*96  lb. 
Belgian  anthracite  per  B.H.P.  hour.  The  plant  can  also  be  worked 
with  bituminous  coal,  if  more  scrubbers  are  added.  It  is  made  in  sizes 
from  4  to  200  B.H.P.,  and  is  said  to  have  already  furnished  a  total  of 
12,000  B.H.P. 

Riohe  GkM  Produoer  f^om  Wood. — This  is  an  interesting  and 
carefully  designed  producer,  though,  as  the  gas  is  generated  from  wood, 
where  the  latter  is  cheap,  it  can  scarcely  be  applied  in  England.  It  is  the 
fruit  of  much  scientific  study  by  M.  Kich6,  and  is  founded  on  the  principle 
of  what  he  calls  "reversed  distillation,"  which  consists  in  forcing  the 
distilled  gases  to  pass  downwards  through  glowing  combustible.  A  very 
high  temperature  is  also  said  to  be  maintained.  Hitherto  the  chief 
difficulties  in  making  gas  from  wood  have  been  the  large  quantity  of 
bye-products  generated,  and  of  lime  required  to  purify  it.  Both  have 
been  overcome  in  Rich^'s  process  of  reversed  distillation,  but  at  the 
sacrifice  of  a  certain  amount  of  valuable  products. 

If  wc^  be  heated  in  a  retort,  the  heat  first  carbonises  the  external 
surface,  and  only  slowly  penetrates  to  the  internal  layers.  The  gases 
contained  in  the  woody  structure,  and  liberated  by  the  action  of  the  heat, 
are  at  first  very  volatile.  If,  as  they  pass  out,  they  meet  a  much  higher 
temperature^  produced  not  only  by  the  heat  applied,  but  by  the  external 
layer  of  glowing  wood  with  which  they  come  in  contact,  dissociation 
takes  place.     Fart  of  the  gases  are  converted  into  fixed  hydrocarbons. 
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and  help  to  enrich  thoee  Etlreadj  formed.     Richi,  therefore,  paBBet  the 

products  of  distillation  through  a  column  of  red-hot  ooke  or  cbftrco»l,  And 

obtains  a  highly  calorific  gas  which,  although  not  luminous,  is  rich, 

because,  being   produced   io   closed  retorts,  it  contains  pnotioally  no 

nitrogen.     Its  composition  will  be  found  in  the  table,  p.  300.     It  haa  a 

heating  value  of  about  310  B.T.U.  per  cubic  foot,  and  thus  occupies  aji 

intermediate  pMisition  between  lighting  and  poor  gas,  being  about  3^ 

times  as  rich  as  the  latter ;  but  it  cannot  be  used  to  give  light  unless 

oarburetted.     As  the  flame  burns  at  2,000*  C.  -  3,632*  F.,  the  gas  thus 

mode  is  valuable  where  wood  can  be  cheapljr  procured.    About  100  cubic 

metres  of  gas  are  produced  per  100  . 

kilos,  of  wood  burnt,  or  16  cubic 

feet  per  lb.,  and  in  a  gas  engine 

cylinder  it  yields  an  average  of  1 

H.P.  per  36  cubic  feet,  and  requires 

from  three  to  four  times  its  volume 

of  air.    There  are  no  tarry  or  other 

products,  and  the  charcoal  obtained 

often  commands  a  good  sale. 

The  gas  is  produced  in  closed 
cast-iron  retorts,  of  which  there 
are  usually  several,  worked  singly 
or  together,  according  to  the  power 
required.  Each  retort  is  made  in 
duplicato,  and  consists  of  one  ver- 
tical brick  flue,  divided  into  two 
smaller  parallel  flues,  in  each  of 
which  an  iron  retort  is  suspended. 
The  two  flues  communicate  through 
a  wide  pipe.     The  gases  are  dis- 

^n-j^ij  D.-  tilledinoneretortanddecomposed 

Fio.  109.— Wood  Gas  Producer— Section  ,   „       ,   .       ,  ,  ^,        ,. 

°  ^  anA     HvaA     in     the.    At-hAI*  Tha    Hia. 


(Eich^). 


and  fixed  in  the  other.     The  dis- 


tilling retort  is  a  cylindrical  vessel, 
closed  below  by  a  csst-irou  plug  and  joint,  and  shown  to  the  lefb  in  the 
drawing  (Fig.  109).  The  other  called  the  reducing  retort,  to  the  right,  is 
of  the  some  shape  above,  but  terminates  below  in  a  conical  foot, 
prolonged  into  a  hydraulic  box,  forming  a  water  seal.  The  retorts 
are  heated  by  a  Siemens  furnace  burning  fine  dust  coal  or  coke.  The 
drawing  gives  only  one  set  of  retorts,  but  there  are  usually  three  or 
four,  all  enclosed  in  the  same  brick  chamber.  Air  for  combustion 
is  admitted  above  the  furnace,  through  a  bole  in  the  charging  door, 
the  size  of  which  the  stoker  can  regulate  at  will.  To  make  the  gas, 
combustion  is  first  started  in  the  reducing  retort,  and  brought  to  a 
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l>nght  cherry  red.     A  small  charge  of  charcoal  dust  is  then  fed  into 

the  distilling  retort,  and  the  wood  charged  on  to  it     Distillation  then 

proceeds,  and  the  charcoal  produced  sinks  down,  is  withdrawn  from 

'time  to  time  from  the  bottom,  and  used  to  feed  the  other  retort,  which 

18  always  filled  three-quarters  full.     The  gases  pass  over  through  the 

flowing   charcoal  into   the  hydraulic  box,   and   thence  direct  to  the 

holder.     If  the  wood  is  too  dry,  a  little  water  heated  by  the  waste 

gases  from  the  furnace  is  dropped   into   the   retort,  but  usually  it  is 

damp   enough  to  form   steam,  and  carry  off  the  tar  and   COj.     The 

principle  of  reversed  distillation  is  carried  out  in  the  reducing  retort, 

and  upon  the  temperature  in  the  latter,  and  the  renewal  of  the  charcoal 

from  time  to  time,  depend  the  quantity  and  quality  of  the  gas  made. 

The  system  has  been  much  criticised  by  M.  Lencauchez,  especially 
with  regard  to  the  temperature  in  the  retorts.  If  they  are  externally  at 
800"  or  900*  0.,  this  would  represent  an  internal  temperature  of  1,400° 
or  1,500*  C,  and  the  cast  iron  would  melt.  M.  Rich^  maintains  that  the 
temperature  is  not  so  high,  but  the  cast  iron  is  said  to  be  of  special 
quality.  From  the  author's  observations,  the  retorts  do  not  last  long, 
and  this  is  the  chief  expense  in  these  producers.  M.  Rich6  claims  to 
make  gas,  not  only  from  wood,  but  from  shavings,  as  in  a  mill  at  Calais, 
where  about  3  tons  per  day  of  wood  refuse  and  shavings,  sawdust,  Ac., 
formerly  wasted,  are  now  partly  converted  into  gas,  furnishing  power  to 
drive  the  machinery.  Peat,  tan,  bark,  cotton  and  paper  waste,  <&c.,  may 
also  be  utilised. 

The  gas  has  been  applied  to  several  types  of  engines,  as  the  Crossley, 
Charon,  Niel,  &c.,  and  officially  tested.  The  first  producer  is  still  work- 
ing in  Peru,  and  gives  a  gas  distilled  from  petroleum,  driving  engines  of 
120  H.P.  A  series  of  trials  was  made  in  1898  at  the  Sci^rie  Fran^aise 
at  Calais,  on  a  55  B.H.P.  two-cylinder  Charon  engine,  driven  with  Rich^ 
gas.  A  single  retort  formed  the  producer,  and  generated  1,765  cubic 
feet  per  hour  of  gas,  having  a  heating  value  of  336  B.T.U.  per  cubic  foot. 
At  the  electric  works  at  Ivry  (Eure)  the  Bich^  producer  drives  a  Charon 
engine  of  35  H.P.,  and  two  10  H.P.  Niel  engines ;  the  consumption  in 
one  of  these  engines,  when  tested,  was  32-7  cubic  feet  of  gas  per  H.P. 
hour.  More  than  100  small  Rich^  plants  have  been  put  down  in  France 
and  the  Colonies.  An  interesting  example  is  at  Majunga  in  Madagascar, 
where  gas,  from  an  installation  comprising  a  generator  with  four  retorts 
and  two  gas  engines  of  15  and  8  H.P.,  is  used  in  the  manufacture  of 
artificial  ice.  The  gas  thus  produced  from  wood  is  said  to  cost  one-third 
the  price  of  any  other  method  of  obtaining  motive  power.  In  another 
plant  at  Argenteuil,  near  Paris,  gas  made  from  old  railway  sleepers  feeds 
a  20  H.P.  engine,  and  is  also  used  for  heating. J 

The  Compagnie  Rich6  have  lately  brought  out  a  producer  in  which  the 
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gasy  instead  of  being  generated  in  closed  retorts,  is  obtained  by  direct  com- 
bustion in  the  usual  way,  the  principle  of  reversed  combustion  being,  how- 
ever, retained.    The  apparatus  consists  of  a  generator  with  charging  hopper 
above,  through  which  the  fuel  is  fed  in.     A  current  of  air  from  a  fan  driven 
from  ^the  engine  is  forced  into  the  upper  part  of  the  producer,  where  it 
comes  in  contact  with  the  freshlj-charged  wood,  and  carries  the  gases  of 
combustion  with  it  into  the  lower  zone  of  glowing  combustible.     Here 
the  gases  are  distilled  and  partly  burnt,  and  are  forced  by  the  air  current 
through  the  stepped  grate  into  a  wide  flue,  forming  the  connection  with 
the  scrubber.     Into  this  flue  a  second  blast  of  air  is  sent,  and  the  distilled 
products  are  again  brought  to  a  state  of  combustion.     The  high  tempera- 
ture obtained  by  thus  partially  burning  them  produces  dissociation,  and 
the  great  heat  maintained  in  the  scrubber,  which  is  filled  with  coke  or 
charcoal,  completes  the  decomposition  of  the  distilled  gases  from  the 
generator.     From  the  scrubber  they  pass  to  the  washer,  and  thence  to 
the  holder  and  engine.     The  ashes   are   removed  by  a  spoon-shaped 
mechanical  poker ;  in  some  of  the  later  plants  the  grate  is  inclined.     No 
water  is  used  in  this  producer,  the  wood  being  usually  damp  enough  to 
furnish  the  necessary  moisture,  but  if  the  generator  is  fired  with  anthra- 
cite or  coke  a  little  water  is  admitted  at  the  bottom  of  the  grate,  and 
enriches  the  gas  by  the  formation  of  water  gas.     Any  kind  of  wood 
refuse,    shavings,    sawdust,    dsc.,    may   be    successfully   burnt    in    this 
apparatus.     The  plant  is  a  good  deal  used  in  France,  and  has  within  the 
last  few  years  supplied  nearly  3,000  H.P.  in  forty-two  plants,  including 
one  in  Canada,  and  others  in  Boumania,  Algiers,  and  Ohina. 

Heat  Effioiency. — In  a  valuable  paper  on  the  "Efficiency  of  Gas 
Producers  "  by  Mr.  Jenkin,*  the  writer  is  of  opinion  that  a  gas  of  high 
calorific  value  is  of  more  importance  than  a  high  efficiency  of  the  pro- 
ducer. To  determine  the  latter  the  gas  must  be  analysed  and  the  per- 
centage of  carbon  in  the  coal  and  in  the  ashes,  heating  value  of  the  coal, 
and  temperature  of  the  gases  known.  Samples  should  be  frequently 
taken  at  different  periods  after  stoking,  and  drawn  off  for  a  longer  or 
shorter  time.  The  gas  must  be  separately  analysed  for  CO2,  00,  H,  0, 
OH4,  and  olefiant  gas,  OjH^.  The  Hempel  process  is  usually  employed, 
and  the  gas  passed  into  successive  pipettes  containing  the  various  absorb- 
ing reagents.  The  heating  value  may  be  determined  either  by  burning 
a  sample  in  a  calorimeter,  or  by  analysing  the  gas,  and  calculating  the 
heating  value  of  each  of  its  chemical  constituents.  Both  methods  should 
when  possible  be  used  to  check  each  other ;  the  calorimetric  is  perhaps 
the  more  accurate.  As  the  variations  of  temperature  in  the  producer 
greatly  affect  the  quality  of  the  gas  made,  they  should  be  minimised  as 
much  as  possible,  and  should  always  be  noted. 

*  Proceedings  Inst.  Civil  Engineers,  vol.  cxxiii.,  p.  347. 
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In  calculating  the  efficiency  of  a  producer,  Mr.  Jenkin  classifieg  it 
under  cold  gas  efficiency — that  is,  deducting  the  sensible  heat  of  the  gas — 
and  hot  gas  efficiency,  including  the  sensible  heat.  As  a  rule,  the  heat 
of  combustion  of  the  gas  is  divided  by  the  heat  of  combustion  of  the  coal 
from  which  it  is  made.  To  this  Mr.  Jenkin  adds  the  proportion  of 
carbon  in  the  coal  and  that  in  the  gas,  estimated  by  difference  from  the 
carbon  in  the  ash.  The  heat  of  combustion  of  the  gas  is  known  by 
volumetric  analysis  of  its  chemical  constituents.  The  ''Figure  of  Merit" 
is  a  factor  obtained  by  dividing  this  calorific  value  by  the  weight  of 
carbon  contained  in  a  unit  volume,  the  product  being  the  heat  of  combus- 
tion of  the  gas  in  question,  per  unit  weight.  Examples  of  this  method 
of  calculating  the  efficiency  of  various  gas  producers,  which  he  considers 
as  important  as  the  calorific  value  itself,  will  be  found  In  the  appendix  to 
Mr.  Jenkin's  paper.  The  proportion  of  carbon  in  the  gas  shows  the 
efficiency  of  the  grate,  and  of  the  method  of  combustion  for  a  given 
fuel. 

The  difference  between  the  hot  gas  and  the  cold  gas  efficiency  is  the 
sensible  heat  per  unit  volume  of  the  gas.  This  is  equal  to  the  tempera- 
ture of  the  gas  minus  the  temperature  of  the  atmosphere,  multiplied  by 
the  specific  heat  by  volume  of  each  of  the  gases  of  which  it  is  composed. 
The  temperature  of  the  atmosphere  may  usually  be  neglected  in  a  gas 
having  a  temperature  varying  from  700**  to  900"  0.  The  higher  its 
calorific  value  the  lower  the  ratio  of  the  sensible  heat  to  the  heat  of  com- 
bustion of  the  coal,  and  consequently  the  smaller  the  difference  between 
the  hot  gas  and  the  cold  gas  efficiency.  Athough  the  proportion  of  steam 
in  a  gas  should  be  as  low  as  possible,  there  will  always  be  a  certain 
amount  which  affects  its  efficiency.  If  steam  is  supplied  by  a  jet,  as  in 
the  Dowson  producer,  the  heat  required  for  this  .steam  may  be  taken  into 
account,  although  it  has  little  influence  on  the  efficiency.  An  important 
point  is  the  working  of  the  producer.  This  depends  on  the  method  of 
introducing  the  air;  to  give  the  best  results  it  should  be  admitted 
centrally,  the  thickness  of  the  fuel  should  be  between  3  and  4  feet,  and 
the  consumption  about  3  cwts.  per  hour  for  a  producer  having  a  volume 
of  40  cubic  feet.  The  quantity  of  steam  admitted  may  be  greatly  varied 
without  affecting  the  efficiency,  but  the  pressure  of  the  blast  should  be 
from  1§  inches  to  If  inches  of  water. 

Professor  Meyer  was  among  the  first  to  propose  to  raise  the  tempera- 
ture of  the  air  entering  a  generator  by  bringing  it  in  contact  with  the 
hot  products,  before  they  go  to  waste  into  the  atmosphere.  In  nearly  all 
the  modern  gas  generators  described  in  this  chapter  the  heat  of  the 
producer  gases  and  of  the  furnace  are  utilised,  sometimes  to  heat  the 
incoming  air,  more  often  .to  generate  steam,  and  occasionally  for  both 
purposes. 
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The  following  data  of  a  test  on  a  40  B.H.P.  gas  plant  (from  Mr. 
Bowson'a  paper  "Gas  Power,"  1899)  may  be  useful  to  students : — 

One  lb.  of  anthracite  gasified  in  generator,  and  0*14  lb.  of  coke  in 

boiler  yielded  78*3  cubic  feet  of  gas  (at  32^  F.  and  29*9  inches  pressure), 

having,  a  calorific  value  of  175  B.T.XJ.  per  cubic  foot.     The  heat  balance 

was  as  follows  : — 

blt.u. 
78-3  cubic  feet  of  gas  at  1751  .^  -^^ 
B.T.U.  per  cubic  foot,         .  J      * 


B.T.U. 
1  lb.  anthracite,  .        .      14,760 

014  lb.  coke  at  12,960  B.T.U.  \    ,  ^.^ 
,,  f     l,olO 

per  lb.,        .  .        ,j 

Total  heat  in  fuel,  .  16,570 


B.T.U.  per  cubic  foot. 
Heat  lost  in  process,        .        .       2,870 


16,570 


13  700 

Efficiency  of  gas  plant  =  ^^f^ijK  =  '827  =  82*7  per  cent. 


This  is  a  very  high  efficiency  and  probably  not  very  often  realised. 
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CHAPTER  XII. 

UTIUSATION  OF  BLAST-FURNACE  AND  COKE-OVEN 

GASES  FOR  POWER. 

Contents. — Blast-famace  Gases — Chemical  Composition — Consumption  of  Furnace 
Gases  —  Utilisation  —  Economy  --  Difficulties — Heating  Value — Compression — 
Fluctuations  in  Composition— Dust -" Static "  and  "Dynamic*'  Methods  of 
Purifying  the  Gas — ^Thwaite—Theisen— Centrifugal  Fans— Gas  Engines  and  Air 
Blowers  —  Large  Power  Engines  —  History —  Experiments  —  Applications  in 
Different  Countries — Conclusions — Summary — Gas  from  Coke  Ovens — Brown 
Coal  Gas — German  Power  Plants. 

Internal  combustion  engines  have  now  reached  a  point  in  their  develop- 
ment in  which  waste  gases,  and  gases  other  than  those  generated  from 
coal  and  oil,  are  utilised  to  drive  them.  This  branch  of  the  subject  is, 
perhaps,  still  in  the  experimental  stage,  though  much  knowledge  has 
now  been  accumulated,  but  it  bids  fair  to  become  of  such  importance  that 
a  brief  account  of  the  rapid  progress  made  within  the  last  eight  or  ten 
years  is  necessary.  In  most  countries  internal  combustion  engines  are 
no  longer  on  their  trial,  but  have  been  sufficiently  developed  to  inspire 
engineers,  mill  owners,  and  commercial  men  with  confidence,  and  to  be 
applied  in  very  many  directions.  Within  the  last  few  years  successful 
attempts  have  been  made  to  derive  motive  force  from  them  by  means  of 
various  gases  now  known  to  be  at  our  disposal.  Power  is  often  required 
in  countries  where  there  is  no  coal,  and  oil  is  dear  and  not  available.  In 
such  cases,  acetylene  gas,  made  from  wood,  alcohol,  peat,  drc,  may  be  used. 
Blast-famace  Gases. — Of  far  greater  importance  than  any  of  these 
are  gases  iiitherto  wasted,  which  can,  when  scientifically  treated,  be 
turned  to  account,  and  made  to  yield  exceedingly  valuable  results.  The 
utilisation  of  gases  from  blast  furnaces  to  drive  gas  engines  in  large  pig- 
iron  works,  although  first  attempted  in  an  experimental  way  only  about 
ten  years  ago,  is  one  of  the  most  important  recent  developments  of 
engineering  skill.  It  has  been  proved  practically  beyond  a  doubt  that 
internal  combustion  engines,  when  placed  near  these  large  pig-iron  fur- 
naces, can  be  fed  directly  with  the  gases  from  them,  and  power  may  be 
thus  obtained  and  heat  utilised  from  what  was  formerly  regarded  as  a 
waste  product.  Till  within  the  last  few  years  the  usual  custom  in  blast 
furnaces  has  been  to  utilise  about  half  the  gases  produced,  by  burning 
them  under  steam  boilers  to  generate  steam  for  driving  the  blowers  and 
to  heat  the  air  blast,  and  to  allow  the  remainder  to  go  to  waste.  As  they 
were  considered  of  no  value,  little  care  was  taken  to  burn  the  gases 
economically.     The  startling  and  practical  discovery  has  now  been  made 

that  the  blast  furnace,  besides  its  primary  object  of  producing  pig  iron, 

16 
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forms  an  ideal  gas  generator,  and  the  same  process  is  carried  out  in  it  as 
in  a  generator  yielding  cheap  or  power  gas.  As  is  so  often  the  case,  the 
idea  of  turning  these  gases  to  account  occurred  almost  simultaneously  to 
inventors  in  different  countries.  Their  application  to  produce  power  in 
an  engine  cylinder  was  made  concurrently  with  the  latest  developments 
in  gas  producers,  hut  we  have  much  yet  to  learn  in  this  respect. 

Chemical  Composition.— The  products  of  combustion  in  these  furnaces 
contain  from  24  per  cent,  to  34  per  cent,  of  combustible  gases.  As  a  rule, 
the  latter  form  one  part^  chiefly  CO,  with  a  small  proportion  of  hydrogen 
and  marsh  gas,  to  two  parts  of  inert  nitrogen  and  COj.  The  average  com- 
position, as  given  by  Professor  Meyer,  is  about  12  per  cent.  COj,  25  to  30 
per  cent.  CO,  a  small  percentage  of  marsh  gas  and  H  (about  3  per  cent,  of 
the  latter),  and  55  per  cent,  to  60  per  cent.  N.  The  complex  process  of 
generation  of  the  gases  seems  to  be  somewhat  as  follows: — The  oxygen  in 
the  air  blown,  and  the  ore  fed,  into  the  furnace  converts  the  carbon  in  the 
fuel  into  carbon  monoxide  and  carbon  dioxide.  As  the  gases  ascend  th rough 
the  cooler  strata  of  combustible  and  fresh  ore  at  the  top  of  the  furnace, 
more  CO  and  less  CO^  is  generated.  Thus  their  chief  constituents  are  CO 
and  nitrogen.  The  small  quantity  of  CH^  is  obtained  by  dry  distillation 
from  the  coal,  and  the  hydrogen  from  the  moisture  in  the  air  and  the  coke. 
The  CO^  is  due  to  imperfections  in  the  process  of  gasification.  More  of  this 
gas,  however,  is  produced  than  in  generator  gas,  because  some  of  the  CO 
goes  to  reduce  the  iron  ore,  and  burns  with  the  oxygen  in  it  to  COg,  and 
the  latter  gas  is  also  present  in  the  fluxes,  and  driven  out  by  the  heat  of  the 
furnace.*  CO  burns  with  a  transparent  blue  flame,  and  is  not  suitable  for 
steam  raising,  because  it  contains  little  heat.  Therefore,  when  burnt  under 
a  boiler,  blast-furnace  gases  give  an  average  of  only  400  H.P.  per  ton  of 
pig  iron.  But  if  exploded  in  the  cylinders  of  gas  engines  of  modem  type, 
with  the  proper  proportion  of  air,  they  yield  about  five  times  as  much 
power.  In  other  words,  the  same  quantity  of  gas  will  give  1  H.P.  when 
used  to  heat  a  steam  boiler  for  a  fairly  good  steam  engine,  and  5  H.P. 
when  fired  direct  in  a  gas  engine  cylinder. 

Consumption  of  Furnace  Gki^es. — The  economy  to  be  obtained  by 
the  application  of  this  new  motive  power  has  already  been  placed  beyond 
question.  German  and  other  authorities,  professors,  engineers,  and  prac- 
tical men  seem  to  be  agreed  upon  this  point,  though  in  England  progress 
is  less  rapid.  Professor  Meyer,  one  of  the  pioneers  in  this  important  in- 
dustrial development,  thus  roughly  estimates  the  saving  to  be  effected. 
If,  he  says,  the  casting  of  1  ton  of  pig  iron  yields  about  158,895  cubic 
feet  of  waste  gases,  having  a  heating  value  of  90  to  112  B.T.U.  per  cubic 
foot^  and  if  of  these  as  much  as  60  per  cent,  are  required  to  heat  the  air 
blast  and  blowers,  the  remaining  40  per  cent,  will,  with  an  estimated 

*  Meyer,  Ueber  KroftQW-  wkd  Oichtgas-Motoreiu 
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consumption  of  4  cubic  metres  of  these  gases,  equal  to  141*2  cubic  feet 
per  I.H.P.  hour,  furnish  20 1.H.P.  in  a  gaa  engine  per  ton  of  iron  smelted. 
This  is  a  higher  estimate  of  the  consumption  of  these  gases  than  is  now 
known  to  be  necessary.  Again,  taking  the  fuel  burnt  as  a  basis  of 
calculation,  if  the  heat  developed  yields  1  H.P.  for  every. 2  lbs.  of  com- 
bustible burnt  in  the  furnace,  or  about  double  the  quantity  allowed  in 
power-gas  plants,  and  1  lb.  of  this  fuel  be  utilised  for  driving  the  blowers 
and  heating  the  air  blast,  this  will  leave  ^  H.P.  per  lb.  of  fuel,  or  1,120 
H.P.  per  ton  of  iron  available  for  power.  The  production  of  the  furnace 
gases  has  been  estimated  at  from  160,000  to  200,000  cubic  feet  per  ton  of 
iron  smelted.  The  larger  the  yield  the  poorer  the  quality  of  the  gas, 
because  it  contains  more  nitrogen.  Making  a  wide  allowance  for  waste 
of  heat,  this  would  give,  say,  1  lb.  of  fuel  per  electrical  H.P.,  if  the  power 
be  applied  to  drive  a  dynamo.  At  the  iron  works  of  the  Soci6t6  Cockerill, 
at  Seraing  in  Belgium,  600  tons  of  iron  are  smelted  daily.  Till  within  the 
last  few  years  40  per  cent,  of  the  waste  furnace  gases  have  been  burnt 
under  boilers  to  generate  steam,  producing  2,300  H.P. — that  is,  only 
enough  power  to  drive  the  blowers,  pumps,  and  furnace  hoists.  With 
this  method  of  furnishing  power,  22  cubic  metres  of  gas  are  required  to 
produce  1  H.P.,  and  18  cubic  metres  are  practically  wasted,  or  in  round 
numbers  about  10,000  H.P.  Each  ton  of  pig  iron  made  yields  from  150,000 
to  180,000  cubic  feet  of  gas.  Taking  about  140  cubic  feet,  or  4  cubic 
metres,  as  the  consumption  per  H.P.  hour,  in  a  gas-engine  cylinder  this 
would  give  about  1,300  H.P.  per  hour  per  ton  of  iron.  The  aggregate 
from  all  the  furnaces  at  Seraing  is  therefore  from  12,000  to  14,000  H.P. 
If  of  this  from  one-fifth  to  one-sixth  (2,000  to  2,500  H.P.)  are  required 
to  drive  the  blowing  engines,  pumps,  dec,  the  remainder  is  available  for 
other  purposes.  To  a  large  extent  the  gases  are  now  thus  utilised  at 
Seraing.  It  should  be  noted,  however,  that  the  quantity  of  blast-furnace 
gases  available  in  any  works  is  so  large  that  economy  of  consumption  is 
not  so  important  as  steadiness  in  running  and  good  working. 

ntilisation. — The  following  calculations,  taken  from  an  article  in 
Stahl  und  Eisen^  April  23,  1899,  by  Herr  Liirmann,  one  of  the  best 
authorities  on  the  subject,  refer  to  pig-iron  works  in  Germany,  but  they 
can  easily  be  applied  by  English  masters  to  their  own  output. 

The  two  main  questions  in  regard  to  the  use  of  blast-furnace  gases  in 
internal  combustion  engines  are,  according  to  Herr  Liirmann : — 

1.  How  much  power  can  be  generated  with  gases  not  required  for  the 

production  of  iron  1 

2.  How  much  money  can  be  made  out  of  the  power  thus  available  % 

In  Professor  Meyer's  experiments  at  Differdingen,  in  Luxemburg,  on 
a  60  H.P.  engine  driven  with  blast-furnace  gases,  an  early,  but  one  of  the 
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most  complete  tests  made,  the  consumption  at  full  power  was  2*28  cubic 
metres  «=  80*5  cubic  feet  per  LH.P.  hour  of  gases  haying  a  heating  value 
of  948  calories  per  cubic  metre  »  106  B-T.!!.  per  cubic  foot.  It  is  better, 
however,  to  take  the  average  consumption  at  123*5  cubic  feet  per  LH.P. 
hour.  Reckoning  t>»  each  ton  of  pig  iron  163,590  cubic  feet  of  furnace 
gas,  having  a  mean  heating  value  of,  say,  101  B.T.U.  per  cubic  foot,  of 
these  45,903  cubic  feet,  or  28  per  cent,  are  required  to  heat  the  air  for 
the  blast.  In  practice  the  consumption  is  higher,  because  there  has 
hitherto  been  no  necessity  for  economy.  If  10  per  cent.,  or  16,348  cubic 
feet,  be  taken  for  loss  in  pipes,  &c,  we  get  as  available  for  power  2,870 
cubic  metres  =  101,340  cubic  feet,  or  62  per  cent.,  per  ton  of  iron  treated. 
Now,  these  surplus  gases  may  be  utilised  in  three  different  ways : — 
I.,  The  bulk  may  be  burnt  under  boilers ;  or  II.,  part  may  be  burnt 
under  boilers  and  the  rest  used  in  gas  engines;  or  III.,  all  the  gases  may 
be  used  in  engine  cylinders.  In  the  latter  case,  the  air  blast  for  the 
furnace  may  be  driven  by  a  gas  engine.  The  following  table  summarises 
the  methods  of  treatment  under  these  three  heads  : — 


Utilisation  op  Blast- Furnace  Gases  per  ton  op  Iron  Smelted. 


I. 

■ ' 

Cubic  Metres. 

Cubic  Feet. 

Percent.   ■ 

Waste  in  furnace  and  pipes,       .         .         . 
Heating  the  air  blast,        .... 
Driving  the  blowing  engines,     . 
Balance  available  for  other  purposes, 

• 

(For  boilers. ) 

46.3      ; 
1,300 
1,820 
1,050      1 

16,348 
45,903 
64,264 
37,075 

Total, 

1000 
28-06 
39-28 
22-66 

• 

100-00 

II. 

Waste  in  furnace  and  pipes, 
Heating  the  air  blast,         .... 
Driving  the  blowing  engines,     . 
Balance  available  for  other  purposes, 

(For  boilers  and  gas  engines.) 

463 
1,300 
1,820 
1,050 

16,348 
45,903 
64,264 
37,075 

Totol, 

10-00 
28-06 
39-28 
22-66 

100-00 

III. 

Waste  in  furnace  and  pipes, 
Heating  the  air  blast,         .... 
Driving  the  blowing  engines,     . 
Balance  available  for  other  purposes, 

(Gas  engines  only.) 

463 

1,300 

504 

2,366 

16,348 
45  903 
17,796 
83,543 

Totol, 

1000 
2806 
10-87 
51-07 

100-00 
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In  1898,  7,403,717  tons  of  pig  iron  were  produced  in  Germany,  or 
20,280  tons  per  day.     The  available  gases  might  be  conyerted  into — 

Under  Head    I.,      70,000  H.P.  per  day,  or   3*46  H.P.  per  ton  of  pig  iron. 
„         II.,    263,500  „  12-50  „  „ 

„       nL,    570,000  „  28-16  „  „ 

Thus  the  difference  between  the  present  method  and  the  utilisation 
of  all  the  gases  in  gas  engines  would,  after  providing  necessary  power  for 
the  furnaces,  amount  to  24*7  H.P.  per  ton  of  iron,  or,  in  round  numbers, 
50,000  H.P.  per  day.  Assuming  that  the  blowers  are  driven  by  gas 
engines,  Herr  Lurmann  calculates  a  theoretical  saving  of  nearly  6s.  per 
ton  of  iron  smelted.  If  only  50  per  cent,  of  this  saving  were  realised, 
or  3s.  per  ton,  it  would,  taking  the  price  of  coal  in  Germany  at  lOs. 
per  ton,  amount  in  the  year  to  over  one  million  sterling.  If  it  is 
possible,  as  these  figures  seem  to  prove,  to  effect  an  economy  of  3s.  per 
ton  of  pig  iron,  this  new  method  of  obtaining  power  is  worthy  of  the 
serious  attention  of  all  iron-masters.  Probably  about  two  million  H.P. 
might  thus  be  utilised  annually  in  England  alone,  instead  of  being 
wasted.  By  burning  their  surplus  gases  in  engine  cylinders,  blast 
furnaces  could  be  converted  at  little  cost  into  central  power  stations, 
and  a  fresh  industrial  stimulus  might  be  given  to  a  whole  district. 
Much  would  depend  on  whether  the  iron  works  could  themselves  make 
use  of  all  the  surplus  power,  or  sell  most  of  it.  The  power  available 
may  be  tabulated  as  follows  (see  Engineering  Magazine^  June,  1898) : — 

.  2,019  H.P. 

.  2,692     „ 

.  4,038     „ 

.        .  4,711      „ 

Difflotdtiefl. — We  come  next  to  consider  the  question  of  the  difficul- 
ties to  be  overcome  before  this  vast  store  of  surplus  energy  can  be 
utilised.  The  chief  objections  which  have  been  urged  against  the  use  of 
blast-furnace  gases  in  internal  combustion  engines  are : — 

I.  Their  poor  quality  and  low  heating  value,  causing  uncertainty  or 

perhaps  fi&ilure  of  ignition  in  gas  motor  cylinders. 
II.  Irregular  action  of  the  engine,  due  to  unavoidable  fluctuations  in 
the  composition  and  pressure  of  the  gases,  caused  by  firing,  &o. 
III.  The  large  quantities  of  grit  and  dust,  chiefiy  metallic,  coming  away 
from  the  furnace  with  the  gases,  which  may  injure  the  motor 
cylinder,  and  decompose  the  lubricating  oil. 
lY.  High  temperature  of  the  gases. 

We  will  now  treat  these  objections  in  detail : — 

I.  Iiow  Heating  Value  and  Compression. — As  regards  the  com- 
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poaition  and  heating  value  of  blast-furnace  as  compared  with  other  gases, 
the  following  table  gives  data  obtained  from  England,  Scotland,  Belgium, 
and  Germany : — 


Tablv  of  Heating  Value  aud  Ck)MPosiTioN  of  Va&ious  Gases. 


Kune  of  Ofts. 

Heating  Value 

B.T.U. 

per  cub.  ft. 

AnalyBis  in  per  cent,  by  Volume. 

CO. 

H. 

CH4. 

COj. 

N. 

Lighting  gas  (mean), 
Generator  gas, 
Blast-fumaoe  gases — 

Wishaw,       .... 

Frodingham, 

Seraing,        .... 

Hoerde,        .... 
Gas  distilled  from  brown  coal, 
C!oke-oyen  gas, 

600  to  640 
130  to  165 

97-8 

96-7 

109-8 

107-6 

225 

(mean) 

640-0 

perct. 

6-70 

2610 

24-75 
27-30 
27-90 

32-00 

17-60 

8-20 

perct 

46*40 

3-60 

2-33 
1-60 
102 

2-50 

20-00 

53-00 

perct 
41-50 

10-00 
(HO) 

0-75 

•  •  • 

7-00 

(HO) 

■  •  • 

1-50 
34-50 

perct. 

2-10 
9  00 

5-76 

6-00 

13-95 

8-60 

16-00 

2-00 

perct 

3-00 

51-30 

66-42 
65-20 
60-12 

57 -00 

20-00 
(mean) 

4-90 

The  low  heating  value  of  the  gas,  as  here  shown,  does  not  affect  its 
efficiency  in  a  gas  engine.  The  lower  its  calorific  power,  the  higher  the 
compression  it  will  bear  without  danger  of  spontaneous  ignition,  or 
sudden  explosive  shocks.  It  is  the  hydrogen  in  the  gas  which,  when 
raised  to  a  high  temperature  by  compression,  causes  the  gaseous  charge 
in  the  cylinder  to  explode  prematurely.  A  reference  to  the  table  above 
shows  that  the  average  percentage  of  hydrogen  is  lower  in  blast-furnace 
than  in  any  other  kind  of  gas.  Volume  for  volume,  if  these  gases  be 
compressed  to  the  same  extent  as  others,  they  will  show  a  much  lower 
heat  efficiency,  but,  if  greater  compression  be  adopted,  they  will  give  as 
high,  if  not  a  higher,  efficiency.  As  is  now  well  known,  the  thermal 
efficiency  of  an  engine  increases  within  certain  limits  with  the  degree  of 
compression,  and  it  is  towards  this  higher  compression  that  the  efforts 
of  gas  engineers  are  continually  tending.  The  poor  quality  of  any  gas 
does  not  affect  its  efficiency  if,  when  burnt  in  an  engine  cylinder,  it  can 
turn  a  large  percentage  of  the  heat  supplied  to  it  into  useful  work.  An 
engine  has  been  driven  (see  p.  234)  with  gas  of  87  B.T.TJ.  per  cubic 
foot  heating  value;  that  is  considerably  less  than  the  poorest  blast- 
furnace gases  hitherto  used.  With  previous  compression  of  the  gases  to 
10  atmospheres,  a  heat  efficiency  of  over  30  per  cent,  per  I.H.P.  has  been 
obtained  with  blast-furnace  gases,  or  the  same  as  in  the  best  gas  engines. 

These  gases  are  difficult  to  bum  because  they  contain  so  little 
hydrogen.     For  this  reason  they  are  suitable  for  combustion  in  gas 
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engines  in  which  the  charge  iz  previouslj  compressed,  because,  however 
high  the  compression,  pre-ignition,  as  with  lighting  gas,  is  impossible. 
Combustion  is  relatively  slow,  and  therefore  engines  driven  with  these 
gases  run  more  quietly  than  with  town  gas.  If  the  compression  be 
properly  proportioned,  ignition  is  practically  certain.  On  this  point 
Professor  Meyer  says: — ''To  obtain  good  combustion  in  an  engine 
cylinder,  each  particle  of  gas  must  find  and  mix  with  the  quantity  of 
air  necessary  to  burn  it  perfectly.  Therefore  the  streams  of  gas  and 
air  should  be  well  mixed  during  admission,  instead  of  pumping  the 
gas  into  the  cylinder  when  it  is  already  full  of  air,  as  is  sometimes 
done.  The  difficulties  of  premature  ignition  when  driving  gas  engines 
with  furnace  gases  have  been  overcome  by  high  compression  during 
the  second  stroke.  The  poorest  gas  can  be  thus  utilised,  and  compression 
carried  much  higher  than  is  allowable  with  lighting  or  power  gas.  This 
will  diminish  the  consumption,  and  it  obviates  the  necessity  for  larger 
dimensions  of  the  cylinder,  since  1  cubic  foot  of  lighting  gas  bums  with 
about  7  cubic  feet  of  air,  and  1  cubic  foot  of  furnace  gas  requires  only 
1  cubic  foot  of  air."  It  must  not  be  forgotten,  however,  that  if  air 
and  blast-furnace  gases  be  mixed  in  such  proportions  as  to  be  as  rich 
as  a  charge  of  lighting  gas  by  volume,  they  are  not  of  the  same  value 
by  weighty  because  the  air  admitted  to  dilute  the  charge  carries  with  it  a 
large  proportion  of  nitrogen.  As  the  heating  value  of  blast-furnace  is 
only  one-fifth  that  of  lighting  gas,  the  power  developed  will  be  from  one- 
fifth  to  one-fourth  less,  or  about  20  H.P.  per  cent.  According  to 
Professor  Meyer,  small  variations  in  the  heating  value  do  not  affect  the 
power  developed. 

It  is  owing  to  this  compression,  now  easily  obtained,  that  gases  of 
such  low  heating  power  can  be  effectually  utilised  in  a  gas  engine 
cylinder,  but  when  burnt  under  boilers  they  do  not  give  equally 
satisfactory  results.  Their  calorific  value  would  be  higher  were  it  not 
that  the  greater  the  efficiency  of  the  blast  furnace,  or  the  more  OOj,  and 
the  less  CO  is  produced  for  a  given  weight  of  fuel  burnt,  the  less  suitable 
are  the  gases  for  combustion  in  an  engine.  To  improve  combustion  in 
the  furnace,  metallurgists  have  rightly  endeavoured  to  reduce  the  per- 
centage of  CO  and  increase  that  of  COj;  but  for  power  purposes  in 
an  engine  cylinder,  CO,  is  of  no  value,  and  CO  is  very  important. 
According  to  Sir  Lowthian  Bell,  the  COg  should  never  exceed  half  the 
CO  formed.  "  The  smaller  the  consumption  of  coal  or  coke  in  a  blast 
furnace,"  says  Professor  Meyer,  "and  the  higher  the  efficiency  of  the 
furnace,  the  smaller  the  work  obtained  from  the  gases  when  used  to 
produce  power  in  an  engine.''  Fluctuations  in  their  heating  value  may 
be  avoided  by  regulating  the  admission  of  the  air  and  gas  to  the  cylin- 
der, so  that  a  richer  mixture  enters  if  the  heating  value  of  the  gas 
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diminishes.  It  is,  of  course,  of  special  importance  to  determine  the 
calorific  power  of  these  gases,  as  it  is  the  only  means  of  estimating  that 
of  the  combustihle  burnt.  The  exhaust  gases  from  the  cylinder  should 
also  be  analysed. 

The  large  percentage  of  nitrogen  does  not,  with  modern  methods  of 
construction,  present  much  difficulty.  From  three-tenths  to  one-third 
by  volume  of  blast-furnace  gases  are  combustible,  the  remainder  being 
inert,  and  acting  as  diluents  (see  Table,  p.  246).  The  gas  in  an  engine 
cylinder  must,  however,  always  be  diluted,  and  the  ratio  in  which  it 
should  be  combined  with  air  to  form  an  explosive  charge,  and  give  the 
best  results,  being  known,  all  that  is  necessary  with  blast-furnace  gas  is 
to  regulate  carefully  the  air  admitted  for  combustion  in  the  same  way, 
though  not  in  the  same  quantities,  as  with  lighting  and  power  gas.  The 
modifications  required  are  to  proportion  the  gas  and  air  inlets  and  the 
stroke  of  the  piston  to  the  charge,  and  to  diminish  the  compression  space. 
To  give  the  same  power  in  an  engine  as  when  driven  by  lighting  gas,  the 
cylinder  dimensions  must  be  increased  by  about  16  to  20  per  cent. 

II.  As  regards  the  fiuctuations  in  the  oomposition  and  pressure 
of  the  gaseSy  these  are  not  much  more  marked  than  with  lighting  and 
power  gas.  Variations  in  pressure  are  avoided  or  corrected  by  passing 
the  gases  from  several  furnaces  into  a  holder.  They  are  produced  in 
such  quantities  that  uniformity  of  oomposition  is  more  or  less  assured. 
To  make  pig  iron,  the  furnaces  must  be  stoked  and  charged,  and  the  air 
blast  delivered  with  great  regularity,  and  the  quality  of  the  gases  does 
not  then  vary  much.  It  is  even  said  that  gas  engines  run  more  steadily 
when  driven  with  blast-furnace  than  with  lighting  or  power  gas,  because 
of  the  far  greater  size  of  what  may  be  called  the  generator.  For  electric 
applications  this  point  is  of  advantage. 

III.  Dust. — The  third,  which  has  usually  been  considered,  and  still 
remains  the  greatest  difficulty  to  overcome  in  the  utilisation  of  blast-fur- 
nace gases  for  power,  is  the  dust  they  contain.  As  many  of  the  objections 
raised  to  their  use  are  based  upon  this  question,  it  is  necessary  to 
consider  it  in  detail.  It  was  at  first  thought  that  the  fine  particles  of 
solid  carbon,  and  the  metallic  dust  with  which  the  gases  were  charged, 
would  be  deposited  in  the  pipes  and  passages,  and,  even  if  they  did  not 
afiect  the  parts  of  the  engine,  might  attack  the  lubricating  oil,  and  make 
it  thick  and  hard.  These  drawbacks,  however,  although  serious  in  some 
cases,  have  been  successfully  overcome,  and  in  the  opinion  of  an  eminent 
German  authority  blast-furnace  gases  are  now  more  thoroughly  cleaned, 
and  soil  the  engines  and  valves  less  than  producer  gas.  As  the  furnaces 
are  mostly  stoked  with  coke,  the  gases  contain  little  tar. 

Like  other  questions  connected  with  the  use  of  these  gases  for  motive 
power,  this  problem  of  the  dust  they  contain  was  not  at  first  understood. 
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It  is  now  known  that  the  dust  is  of  two  kinds.  The  heavy  dust  chiefly 
consists  of  small  particles  of  coke,  mineral,  and  lime  from  the  fluxes ; 
this  is  almost  wholly  deposited  in  the  mains  through  which  the  gases 
are  led  off  from  the  furnace.  From  this  dust  they  have  always  been 
purified,  even  when  only  burnt  under  boilers  or  used  for  heating  pur- 
poses. The  real  difficulty  lies  in  dealing  with  the  light  impalpable  dust, 
which  is  so  fine  that  the  earlier  methods  of  treating  it  were  of  little 
use ;  it  was  even  known  to  pass  with  the  gases  through  a  layer  of  felt 
4  inches  thick.  This  dust,  which  consists  chiefly  of  fine  mineral  and  lime 
powder  deposited  by  the  metallic  vapours,  and  sometimes  of  a  kind  of 
dried  and  powdered  clay,  usually  varies  in  amount  from  3  to  5  grammes 
per  cubic  metre.  (At  the  trial  at  Sei*aing  in  1900,  in  which  the  author 
took  part,  he  collected  some  of  it,  and  found  it  soft  to  the  touch,  not 
gritty,  but  somewhat  resembling  flour.)  The  idea  was  at  one  time  enter- 
tained that  it  could  be  blown  out  with  the  gases  of  combustion  at  ex- 
haust, but  this  is  now  known  not  to  be  the  case,  and  unless  the  dust  is 
eliminated  before  the  gases  reach  the  engine,  it  settles  on  and  clogs  the 
valves  and  working  parts.  A  point  to  be  noted  in  connection  with  it  is 
that  it  varies  greatly  with  the  kind  of  ore  smelted.  Where  the  furnaces 
deal  with  hematite  and  purple  ores,  the  dust  is  rather  heavy,  and  is 
mostly  deposited  as  soon  as  it  leaves  the  furnace.  If  oolitic  ores  are  fed 
in,  the  dust  is  much  finer,  and  more  is  produced.  Hence  no  general  rule 
for  cleaning  the  gases  can  be  laid  down.  The  dust  must  be  separately 
treated  at  each  iron  works,  according  to  the  ores  and  fluxes  used,  and 
the  fuel  fed  into  the  furnace,  whether  coal  or  coke. 

Two  methods,  known  respectively  as  the  "static''  and  the  "dynamic," 
or  the  dry  and  the  wet  process,  are  used  for  eliminating  the  dust.  The 
first  is  the  system  adopted  by  Mr.  Thwaite  and  others.  The  gases  are 
drawn  by  an  exhaustor  through  coke  and  sawdust  scrubbers,  in  the 
same  way  as  producer,  gas.  At  his  plant  at  Outreux  they  are  led 
through  sieves  or  metallic  layers,  the  eflect  of  which  is  said  to  be 
increased  by  charging  them  with  electricity,  and  are  then  cooled  by  pass- 
ing them  through  various  washers  to  the  scrubbers  and  sawdust  filters. 
At  Mich^ville,  under  M.  Lencauchez's  supervision,  and  at  Gutehoffhungs- 
hiitte  the  gases  are  also  treated  by  the  static  process.  At  Friedens- 
hutte,  where  they  contain  30  per  cent,  of  zinc  dust,  much  difficulty  was 
at  first  found  in  dealing  with  them.  They  are  now  passed  through  eight 
dry  purifiers,  all  with  hydraulic  joints,  and  led  up  and  down  a  total 
length  of  720  feet,  besides  being  carried  through  several  sawdust  filters. 
One  square  foot  of  filtering  surface  is  required  for  every  3^  cubic  feet  of 
gas.  A  Koerting  steam  injector  is  sometimes  used  to  draw  the  gases 
from  the  furnace. 

The  Theisen  apparatus  belongs  to  the  "  dynamic  "  type  of  purifiers, 
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and  has  met  with  some  sii(x»s8  ia  Germany,  especially  where  an  abundant 
anpply  of  water  is  not  available.  It  coaaists  chiefly  of  a  centrifugal 
washer,  with  a  long,  large  pipe  in  which  the  dust  settles ;  the  washer  is 
driven  by  a  belt  from  a  separate  engine.     In  the  original  plant,  as  used 


Fig.  110. — Centrifugal  Fan  for  Cleaning  Blaat-fumoca  Gaaes. 

at  Hdrde,  the  pipe  was  about  12  feet  long  and  5  feet  in  diameter.  On 
entering  the  purifier  the  gases  contained  33  grammes  of  dust,  and  36 
grammes  of  water  per  cubic  metre,  and  OOl  gramme  of  dust,  and  3 
grammes  of  water  on  leaving  it.  About  2-5  per  cent,  of  the  total  power 
generated  was  required  to  drive  the  washer.     The  plant  was  at  first 


DUST  IN  BLAST-FURNACE  GASES.  25 1 

somewhat  large,  and  did  not  work  with  complete  suocess ;  it  has  now 
been  modified,  and  reduced  in  size.  The  quantity  of  water  required  is 
0'8  litre  to  1  litre  per  cubic  metre  of  gas  (»  about  *05  pint  per  cubic 
foot),  and  the  same  water  can  be  used  for  two  weeks  if  properly  cooled 
and  cleared.  The  temperature  of  the  gas  is  reduced  from  300"*  F.  to 
86*  F.,  and  its  pressure  from  f  inch  to  atmosphere.  An  apparatus 
capable  of  treating  6,000  cubic  feet  per  minute  will  serve  a  50  H.P. 
engine.     The  speed  of  the  fan  is  100  feet  per  minute. 

In  the  first  attempt  to  drive  gas  engines  on  a  large  scale  at  Seraing, 
no  difficulties  were  experienced  with  the  dust,  the  quantity  of  which, 
owing  to  the  kind  of  ore  treated  (hsematite  and  purple  ore),  was  only  0*25 
gramme  per  cubic  metre.  As  soon,  however,  as  Cockerill  engines  were 
started  at  Difierdingen,  in  Luxemburg,  the  dust  in  the  gases,  which 
amounted  to  from  4  to  5  grammes  per  cubic  metre,  was  found  to  have  an 
immediate  efiect  in  clogging  the  cylinder,  &c.  An  ordinary  centrifugal 
fan,  till  then  employed  for  other  purposes,  was  brought  into  use,  and  the 
gases  passed  through  it,  water  being  injected  into  the  axial  part  of  the 
fan.  The  result  was  completely  successful,  the  gases  on  leaving  the  fan 
being  quite  clean  euough  for  work  in  an  engine  cylinder.  This 
''dynamic"  method  of  treating  the  dust,  which  consists  in  passing  the 
gases  through  one  or  more  centrifugal  fans,  with  water  injections,  is  now 
considered  the  most  satisfactory  system.  The  gases  are  violently  agitated 
by  the  vanes  of  the  fan,  the  water  pulverised,  and  the  dust  washed  out 
by  the  force  of  the  jet. 

Fig.  110*  gives  a  view  of  the  fan  as  used  at  Differdingen.  The  body 
of  the  fan  is  shown  at  A,  at  B  the  water  and  dust  accumulate,  and  are 
carried  off  through  pipes  c  and  6.  The  gas  enters  at  C,  and  passes  out  at 
D  through  the  outlet  valve  E.  The  fan  at  Differdingen  is  about  4^  feet 
in  diameter,  and  runs  at  900  revolutions  per  minute.  The  gases  contain 
4  grammes  of  dust  per  cubic  metre  on  entering ;  the  quantity  on  leaving 
depends  on  the  amount  of  water  sprayed  into  the  fan;  with  2,200 
gallons  of  water  the  dust  is  reduced  to  0*30  gramme,  and  with  3,300 
gallons  to  0'20  gramme  per  cubic  metre.  If  a  second  fan  be  used,  the 
gases  are  still  cleaner.  Another  advantage  of  this  system  is  that  the 
gases  are  sent  on  at  a  pressure  of  ^  to  1  inch  of  water,  which  suffices  to 
carry  them  through  the  narrow  pipes  to  the  engine.  At  the  Ormesby 
Iron  Works,  where  the  first  large  engine  driven  with  blast-furnace  gases 
was  started  in  England,  the  gas  is  of  110  B.T.IJ.  per  cubic  foot  heating 
value,  and  contains  1  *8  grammes  of  dust  per  cubic  metre  after  being  passed 
through  a  large  main  to  reduce  its  temperature.  It  is  then  sent  through 
a  36-inch  centrifugal  fan,  driven  by  an  electric  motor,  and  water  is  ad- 
mitted at  the  axis  of  the  fan.  With  a  speed  of  the  latter  of  1,150  revo- 
*  Reproduced  by  kind  permission  of  the  Editor  of  Le  Q&n,U  Civil* 
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lutions  per  minute,  and  a  water  consumption  of  500  gallons  per  hour,  the 
dust  is  reduced  to  0*4  gramme  per  cubic  metre,  the  consumption  of  water 
being  1  litre  per  cubic  metre  (  »  say,  '05  pint  per  cubic  foot).  The  gases 
are  then  passed  through  a  coke  filter  on  their  way  to  the  engine.  The 
fan  requires  to  be  cleaned  every  fortnight,  which  necessitates  a  second 
fan  in  reserve. 

The  question  of  cleaning  the  gases  may  thus  be  considered  as  satisfac- 
torily settled,  but  the  degree  and  method  of  cleaning  required  in  any 
particular  iron  works  must  be  determined  by  local  working  conditions. 

lY.  The  High  Temperature  of  the  Gki^ses  is  regulated  at  the  same 
time  and  in  the  same  way  as  their  purification.  They  require  thorough 
cooling,  as  they  are  generated  at  a  much  higher  temperature  than  power 
gas,  but  this  is  efficiently  done  during  the  process  of  washing.  To  reduce 
their  temperature  is  an  important  matter,  because  they  are  at  the  same 
time  reduced  in  volume,  and  a  larger  quantity  can  be  admitted  into  the 
cylinder  per  stroke. 

Gkis  Engines  and  Air  Blowers. — A  minor  but  important  question 
is  whether  the  air-blowing  engines  for  the  hot  blast  can  be  driven 
direct  from  gas  engines  worked  by  blast-furnace  gases,  and  thus  a 
great  saving  be  effected  over  the  present  rather  wasteful  system  of 
driving  them  by  steam.  Better  arrangements  for  heating  the  air  blast 
would  also  contribute  to  economy.  The  volume  of  furnace  gases  needed 
to  heat  the  blast  is  reckoned  at  50  per  cent. — in  other  words,  20  per  cent 
more  than  is  theoretically  required  (see  Table,  p.  244).  To  ensure  a 
better  distribution  of  the  hot  products  of  combustion  in  the  air-heating 
chambers,  various  modifications  have  been  proposed.  The  Bocker  system, 
in  use  at  the  Friedenshiitte  Works,  is  preferred  in  Germany,  and  is  said 
to  require  much  less  gas.  Tests  made  by  Professor  Meyer  showed  that 
with  this  method  40  per  cent,  of  gas  was  economised,  thus  reducing  the 
consumption  nearly  to  the  theoretical  minimum  of  28  per  cent.  Im- 
provements in  the  valves  of  the  blowing  engines  are  in  progress.  To 
couple  a  gas  engine  with  a  blowing  engine  was  till  lately  a  novelty, 
because  the  speed  of  the  former  is  usually  from  120  to  130  revolutions, 
and  that  of  a  blower  only  from  30  to  60  revolutions  per  minute.  To  re- 
model the  valves  of  the  blower  is,  perhaps,  the  best  way,  and  two  patents 
of  this  kind  have  been  taken  out  in  Germany,  the  Lang-Horbiger  and  the 
Stumpf-Hiedler.  Valves  of  the  Lang-Horbiger  type  have  been  applied 
with  good  results  to  blowing  engines,  especially  at  Seraing,  and  they 
allow  of  a  speed  up  to  120  revolutions  per  minute.  Either  the  speed  of 
the  blowers  must  be  increased,  or  that  of  the  gas  engine  reduced. 
According  to  the  Deutz  firm,  the  latter  method  presents  no  difficul- 
ties. At  Seraing  the  piston-rod  of  the  gas  engine  passes  through  a 
stuffing-box  on  the  cylinder  head  at  the  back,  and  is  coupled  direct  to 
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the  piston  of  the  blower,  and  this  is  now  the  system  generally  adopted. 
Gas  engines  thus  connected  must  run  at  rather  low  speeds.  Professor 
Meyer  found  that  the  speed  of  an  8  H.P.  engine  driven  with  lighting  gas 
could  be  reduced  to  half  the  normal,  without  increasing  the  gas  consump- 
tion or  affecting  the  ignition ;  the  governor  and  flywheel  prevented  any 
farther  reduction  of  speed.  These  experiments  seem  to  show  that  the 
working  process  in  a  gas  engine  can  be  as  satisfactorily  carried  out  at  50 
revolutions  per  minute,  as  at  ordinary  speeds. 

Some  writers,  however,  consider  that  the  speed  of  a  gas  engine  cannot 
be  greatly  varied,  and  its  highest  efficiency  is  attained  when  running  at 
maximum  speed.  It  is  impossible,  they  say,  to  force  it,  and  the  governor 
acts  only  by  diminishing,  never  by  increasing  it.  Thus  to  utilise  blast- 
furnace gases  efficiently  it  appears  desirable  in  most  cases  to  increase  the 
speed  of  the  blower,  and  not  to  diminish  much  that  of  the  gas  engine,  in 
which  a-  reserve  of  power  is  always  desirable.  A  higher  pressure  of  air 
in  the  blowing  cylinder  is  generally  obtained,  without  varying  the  load, 
by  diminishing  the  quantity  of  air  drawn  in,  and  delaying  the  beginning 
of  compression.  With  the  same  object  the  Nlirnberg  Maschinen-Bau 
Gesellschaft  enlarge  the  clearance  or  expansion  space.  This  firm  make  a 
speciality  of  gas  engines  directly  coupled  to  blowing  engines,  and  build 
the  latter  with  an  intermediate  "guide"  piece  concentric  to  the  gas 
engine  cylinder.  If  less  air  is  required  for  the  blast,  the  speed  of  the 
gas  engine  can  be  reduced  50  per  cent. ;  but  if  the  quantity  of  air 
delivered  by  the  blower  varies  greatly,  the  suction  inlet  can  be  so 
adjusted  that  part  of  the  air  drawn  in  is  blown  out  again.  The 
Cockerill  firm  adopt  a  somewhat  similar  arrangement.  The  automatic 
valve  on  the  blowing  engines  is  connected  by  levers  to  stepped  cams 
on  the  side  shaft,  the  action  of  which  is  controlled  by  an  air  barrel 
governor.  If  the  normal  pressure  is  exceeded,  the  air  governor  delays 
the  closing  of  the  automatic  valve.  More  air  is  allowed  to  escape, 
less  remains  to  be  compressed,  and  thus  the  pressure  is  made  to  regulate 
automatically  the  delivery  of  air  to  the  blower. 

Iiarge  Power  Engines. — The  most  important  question  of  all,  how- 
ever, for  both  gas  engineers  and  iron  masters  is  whether  the  gas  engine, 
which  was  at  first  made  only  for  small  powers,  can  be  built  for  the  very 
large  powers  now  necessary  to  utilise  to  the  full  this  new  and  valuable 
motive  force.  The  need  for  large  engines  is  evident,  not  only  because  of 
the  great  quantities  of  furnace  gases  generated  and  their  low  heating 
value,  but  because  in  smelting  and  metallurgical  works  powerful  motors 
are  required.  The  unforeseen  discovery  that  waste  gases  can  be  turned 
to  excellent  account  has  given  a  fresh  impetus  to  the  construction  of  large 
gas  engines.  That  the  necessity  for  them  has  been  realised,  and  the 
demand  fully  met,  may  be  seen  by  comparing  the  sizes  of  engines  now 
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built  by  the  principal  firms  with  those  made  ten  years  ago.  It  is, 
perhaps,  not  too  much  to  say  that  in  this  respect  the  introduction  of  this 
new  motive  power  has,  since  the  beginning  of  this  century,  created  a 
revolution  in  the  construction  of  gas  engines.  This  has  led  to  great 
improvements  in  gas  producers,  and  to  fresh  efforts  to  utilise  ordinary  or 
poor  coal  in  them,  which  is  much  to  be  desired.  The  field  for  gas  engine 
industry  is  greatly  enlarged,  and  important  firms,  who  have  hitherto 
made  steam  engines  only,  are  taking  up  their  manufacture.  An  account 
of  the  number  of  engines  built  and  powers  developed  up  to  present  date 
(1904)  will  be  found  at  pp.  140,  258,  and  also  in  the  chapters  describing 
the  different  types.  Mr.  Humphrey  *  estimates  that  there  are  now  50 
firms  manufacturing  engines  of  200  H.P.  and  upwards,  and  the  number 
of  large  engines  for  driving  dynamos  worked  with  blast-furnace  and 
power  gas  was  400  in  June,  1903,  with  a  total  of  206,800  H.P.  Nearly 
100,000  H.P.  are  furnished  by  blast-furnace  gases  in  Germany, 

Nevertheless  there  are  difficulties  in  the  way  of  these  large  engines, 
some  of  which  have  been  discussed  in  Chapter  vii.  In  the  ordinary  type 
of  gas  engines  for  medium  powers  there  is  only  one  motor  stroke  in  four, 
and  for  high  powers  the  single  cylinder  and  connecting-rod  must  be  made 
very  large,  and  the  walls  and  working  parts  require  careful  cooling. 
Now,  the  larger  the  cylinder  diameter  the  less  easy  is  it  to  control  the 
temperature  of  the  internal  charge  by  the  cooling  water  jacket.  The 
distribution  of  heat  being  unequal,  the  valves  may  be  affected,  but  this 
trouble  can  be  avoided  by  an  elaborate  system  of  cooling.  In  consider- 
ing these  obstacles  Professor  Meyer  points  out  the  various  difficulties 
which  have  been  already  overcome,  and  how  the  size  of  gas  engines  has 
steadily  increased  from  very  small  powers.  For  blast-furnace  work 
engines  are  now  built  larger  than  for  any  other  type  of  internal 
combustion  motor.  At  Seraing  the  Soci^t4  Oockerill  construct  single- 
cylinder  Simplex  engines,  developing  6oO  I. H.P.  and  550  B.H.P.,  with  a 
cylinder  diameter  of  1,300  ram.  =  4*2  feet  and  1,400  mm.  =  4*5  feet 
stroke,  running  at  80  to  90  revolutions  per  minute.  The  diameter  of  the 
blowing  engine  cylinder  is  5^  feet.  They  have  also  a  700  B.H.P.  engine 
now  running.  That  so  important  a  firm  should  adhere  to  the  single- 
cylinder  type  for  such  large  powers  is  a  fact  worth  noting.  The  builders 
of  the  largest  size  motors  are  probably  the  Westinghouse  Co. ;  the 
largest  single-cylinder  engine  would  appear  to  be  a  750  H.P.  Niirnberg 
motor  running  at  the  Rheinische  Stahlwerk,  Meiderich,  Crermany. 

History.  —  The  utilisation  of  blast-furnace  gases  in  combustion 
engines  has  for  several  years  much  occupied  the  attention  of  engineers 

*See  Mr.  Humphrey's  excellent  paper  on  '*  Recent  Progress  in  Large  Gas 
Engines,''  which  should  be  consulted  by  the  student  desiring  the  latest  details  on 
this  subject. 
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and   metallurgical   experts.       The  process   was   started    almost  simul- 
taneously in  England,  Germany,  and  Belgium,  perhaps  first  in  'England. 
In  February,  1895,  Mr.  Thwaite,  to  whom  much  credit  for  early  pioneer 
work  is  due,  drove  an  Acm6  30  H.P.  engine  with  blast-furnace  gases  at  the 
Wishaw  Iron  Works,  near  Glasgow,  and  this  seems  to  have  been  the  first 
time  the  idea  was  put  in  practice.     The  engine  provided  electric  light  for 
the  works,  and  ran  quite  satisfactorily ;  it  had  a  cylinder  diameter  of 
12  inches,  with  20  inches  stroke.      The  consumption  was  95  cubic  feet  of 
gas  per  B.H.P.  hour,  but  as  the  furnace  was  fed  with  coal  instead  of  coke, 
aa  usual,  the  gases  were  richer,  and  therefore  the  consumption  relatively 
low.     In  a  test  made  by  Mr.  Booth  on  the  electrical  energy  developed 
by  this  engine,  the  consumption  varied  from  1^  to  1^  lbs.  of  coal  in  the 
furnace  per  electrical  H.P.,  according  to  the  amount  of  fuel  burnt  and 
richness  of  the  gas  made.     Another  small  experimental  plant  was  worked 
for  some  years  at  Frodingham,  near  Doncaster.     The  tests  made  on  this 
engine,  which  was  also  an  Acm6,  are  valuable,  because  the  gas  was  poor, 
and  they  first  proved  that  blast-furnace  gases  of  inferior  quality  may  be 
utilised  in  an  engine  cylinder.     A  160  H.P.  engine  is  also  working  at 
Barrow-in-Furness,  and  a  Thwaite-Gardner  400  H.P.  engine  was  erected 
in  1901  at  the  Olay  Cross  Iron  Works.     A  Premier  engine  developing 
250  H.P.  was  constructed  by  the  Premier  Gas  Engine  Co.  in  1899  for 
use  with  blast-furnace  gases,  a  drawing  of  which  will  be  found  in  The 
Engineer y  Dec.  15,  1899. 

In  December,  1895,  an  8  H.P.  Simplex  engine  was  started  experi- 
mentally at  the  Soci^t6  Cockerill's  Works  at  Seraing  in  Belgium.  The 
motor  was  originally  4  H.P.,  but  with  higher  compression  up  to  10 
atmospheres  and  other  modifications  the  power  developed  was  soon 
doubled.  The  consumption  of  blast-furnace  gases  was  5,300  litres  >»  187 
cubic  feet  per  B.H.P.  hour,  and  the  results  were  so  satisfactory  that  an 
engine  of  200  H.P.  was  soon  provided.  For  this  engine  the  gases  are 
passed  through  the  coke  scrubbers,  each  4*9  feet  in  diameter  and  19*6 
feet  high,  the  water  for  washing  the  coke  being  supplied  by  Koerting 
injectors.  A  careful  trial  was  made  in  1898  by  Professor  Witz,  when 
the  engine  developed  182  B.H.P.,  with  a  previous  compression  of  the 
gases  to  7^  atmospheres.  The  calorific  value  of  the  gas  was  981  calories 
per  cubic  metre,  equal  to  109*8  B.T.U.  per  cubic  foot,  and  the  consump- 
tion per  hour  per  B.H.P.  3*33  cubic  metres,  or  117*5  cubic  feet.  The 
engine  has  since  been  working  uninterruptedly  at  Seraing. 

The  immediate  result  of  this  success  was  the  order  of  a  plant  on  a 
hitherto  unprecedented  scale  for  the  Differdingen  Iron  Works  in  Luxem- 
burg, where  nine  Cockerill  engines,  with  a  total  of  5,400  H.P.,  have  for 
sotne  years  been  installed.  Three  of  them  are  coupled  to  dynamos,  six 
drive  the  blowing  engines.    No  steam  engines  are  in  use  at  Differdingen, 
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all  the  power  required  being  furnished  b^  gas  engines  driven  with  blast- 
furnace gases.  Fig.  Ill  gives  a  view  of  the  installation.  A  600  H.P. 
engine  was  next  bnilt  and  tested  by  several  scientific  experts  in  March, 
1900.  It  was  one  of  the  first  coupled  direct  to  a  blowing  engine.  At 
the  end  farthest  from  the  crank  shaft  the  jiiaton  carries  a  rod  which 


Fig.  111. — Gas  Engines  at  Differdiogen  (Delamare-Deboutt«viUe  and  Cockerill 
System). 

6  Blowing  engines  of  600  H.P =  3,600 

3  Engines  for  dynamos =  1,800 

Total  H.P 5,400 

passes  through  a  stuffing-box  closing  the  combustion  chamber,  and 
directly  connected  to  the  piston  of  the  blowing  engine.  This  motor  was 
erected  at  the  Ormesby  Iron  Works,  Middlesbrough,  where,  after  the 
initial  diffioultiea  inevitable  in  a  new  installation  had  been  overcome,  it 
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baa  since  been  working  with  entire  latisfaction.     Fig.  112  ahowa  e,  draw- 
ing of  this  interesting  engine,  the  first  driven  with  blast-furnftce  gases  for 


large  powers  in  England.     A  drawing  of  the  largo  central  plant  at  the 
Seraing  Works  will  be  found  at  p.  139,  Fig.  72. 
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The  Horde  Iron  Works  were  the  first  to  adopt  blast-furnace  gases  for 
power  in  Germanj.  An  experimental  12  H.P.  Otto  engine  was  started 
there  in  October,  1895,  in  which  the  consumption  of  blast-furnace  gases 
was  4  cubic  metres  =  141  cubic  feet  per  B.H.P.  hour.  It  ran  90  success- 
fully that  the  authorities  added  a  two-cjcle  Oechelhaueser  engine  with 
two  motor  cylinders,  each  18-9  inches  diameter  and  31  inches  stroke,  and 
each  giving  300  H.P.  This  600  H.P.  engine  was  seen  at  work  by  the 
author.  There  are  now  three  600  n.P.  Oechelhaueser  engines  driving 
dynamos  at  Horde.  In  the  large  plant  at  Ilsede,  mentioned  at  p.  173,  the 
Oechelhaueser  engine  is  coupled  direct  to  the  blowing  cylinders,  and  its 
speed  automatically  varied  in  accordance  with  the  different  pressures  of 
air  required.  Thus  the  work  of  the  engine  is  practically  constant,  and  a 
governor  is  not  necessary.  The  Deutsche  Kraftgas  Gesellschafb,  formerly 
the  Berlin- Ajihaltische  Cresellschaft,  make  this  two-cycle  engine  for  blast 
farnace  work.  The  arrangement  they  adopt  is  to  place  the  blowing 
cylinder  immediately  behind  the  power  cylinder,  and  the  pump  below  it, 
like  the  condenser  of  a  steam  engine. 

The  well-known  Gas  Motoren  Fabrik  Deutz  have  many  large  plants 
working,  or  in  course  of  construction.  At  FriedenshUtte  in  Upper 
Silesia  there  is  a  1,000  H.P.  installation  with  four  engines,  two  develop- 
ing 200  H.P.  and  two  giving  300  H.P.  Two  of  these  have  been  running 
since  January,  1899.  A  600  H.P.  Otto  cycle  engine  with  four  cylinders 
and  two  cranks  has  been  running  night  and  day  since  August,  1900,  at 
Dudelingen  in  Luxemburg,  where  there  are  now  four  engines  developing 
a  total  of  3,200  H.P.  These  engines  work  with  so  high  a  degree  of 
uniformity  that  they  are  used  to  drive  dynamos  in  paralleL  There  are 
also  four  Deutz  engines  at  Horde  giving  4,250  H.P.,  and  at  these 
works  a  2,000  H.P.,  the  largest  Deutz  engine  yet  built,  is  shortly  to  be 
erected.  A  Deutz  engine  supplied  to  the  Mich6ville  Iron  Works  by  the 
Oompagnie  Fran^aise  des  Moteurs  ^  Gaz,  was  the  first  in  France  worked 
with  blast- fnmace  gases.  Up  to  February,  1904,  this  noted  firm  had 
built  51  engines  for  this  kind  of  work,  with  a  total  of  over  28,000  H.P. 

MM.  Koerting,  the  largest  gas  engine  builders  next  to  the  Deutz  in 
Germany,  have  also  devoted  much  attention  to  the  subject,  and  details 
of  engines  erected  by  them  or  their  licencees  will  be  found  at  p.  162. 
Up  to  the  present  time  they  have  constructed  50  motors,  aggregating 
78,000  H.P.,  for  blast-furnace  work.  They  claim  to  run  their  engines  at 
a  constant  speed  varying  from  25  to  110  revolutions  per  minute,  to  suit 
the  varying  pressures  required  in  the  blowing  engines.  The  Augsburg 
Maschinen-Fabrik  and  Nurnberg  Maschinen-Bau  Gesellschafb  also  build 
large  gas  engines,  and  have  made  31  driven  with  these  gases,  aggregating 
38,000,  H.P.  or  more  than  1,200  H.P.  per  engine.  Other  German 
makers  whose  engines  are   described  in  Chapter  ix.  are  Louis  Soest, 
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Dinglers',  the  Siegener  MascbineD-Baa  OeBelUohaft,  who  have  built  nine, 
and  MH.  Bonig,  who  have  conatmoted  nmeteen  engines  driven  with 


blaat-famace  gases.  Similar  motors  are  also  made  bj  Letombe  in  France. 
Of  English  makers,  besides  those  representing  foreign  firms,  there  are 
Messrs.  Crossley,  the  Premier  Oas  Engine  Co.,  who  build  400  H.F.  and 
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1,000  H.P.  engines  for  blast-fumaoe  work,  and  the  WestinghooBe  Co. 
Messrs.  Orossley  have  supplied  a  500  H.P.  engine  coupled  direct  to  a 
blowing  engine,  drawings  and  a  description  of  which  will  be  found  in  The 
Engineer,  April  6,  1901.  Fig.  113  gives  a  view  of  a  530  H.P.  Crossley 
engine.     For  the  Cockerill  engines  built  at  Seraing,  see  p.  140. 

Trials. — A  series  of  very  careful  tests  were  carried  out  in  1898  at 
Differdingen  in  Luxemburg,  by  Professor  Meyer,  on  a  60  H.P.  Otto  four- 
cycle single-acting  engine  made  by  the  Berlin- Anbaltische  Maschinen- 
Bau  Gesellschaft,  and  driving  dynamos  for  lighting  the  works.  To  burn 
blast-furnace  gases  with  this  engine  the  compression  space  is  made  rather 
smaller  than  usual,  occupying  about  one-sixth  of  the  total  volume  of  the 
cylinder,  and  the  gas  and  air  passages  are  slightly  modified.  The  power 
developed  was  67  B.H.P.  with  furnace  gases,  80  B.H.P.  with  lighting 
gas.  At  these  works  the  gases  were  drawn  from  the  furnace  by  a  pump 
driven  from  the  gas  engine,  and  forced  through  scrubbers  1 5  feet  high 
filled  with  coke  moistened  with  water,  and  a  sawdust  column  in  four 
stages,  to  the  gasholder,  which  is  25  feet  diameter. 

The  engine  is  of  the  ordinary  four-cycle  type.  The  holder  was  care- 
fully gauged  during  the  experiments,  to  determine  the  quantity  of  gas 
used.  The  temperature  of  the  gases  was  taken  between  the  bolder  and 
the  cylinder.  In  an  engine  governed  on  the  '*  hit-and-miss "  principle, 
Professer  Meyer  has  found  that,  immediately  after  a  missed  explosion, 
the  composition  and  weight  of  the  next  charge  drawn  in  are  not  the 
same  as  when  the  engine  has  been  running  regularly,  being  affected  by 
the  lower  temperature  produced  in  the  cylinder  by  the  absence  of  com- 
bustion. These  differences  are  shown  by  the  shape  of  the  explosion 
curve  in  the  indicator  diagram.  Thus  a  diagram  taken  at  normal  speed 
will  give  a  much  larger  area  of  work  than  one  taken  directly  after  a 
missed  explosion.  In  testing  the  engine  at  Differdingen,  therefore. 
Professor  Meyer  took  fifteen  diagrams,  one  over  the  other,  and,  as  the 
governor  gave  about  one  missed  explosion  in  nine,  the  fifteen  diagrams 
fairly  represented  the  average  pressure  of  explosion.  The  work  on  the 
brake,  or  mechanical  efficiency,  calculated  from  the  electric  H.P.,  was 
about  84  per  cent.  The  gas  was  tested  every  ten  minutes  in  a  Junkers 
calorimeter,  and  its  mean  heating  value  determined  at  105  B.T.XJ.  per 
cubic  foot.  The  engine  ran  very  steadily  and  quietly  ;  for  fuller  details 
see  Table  No.  7. 

The  mean  number  of  revolutions  was  160,  mean  pressure  4*8  atmo- 
spheres, electric  H.P.  56*8.  The  consumption  of  furnace  gases  under 
exceptionally  favourable  conditions  was  2-28  cubic  metres,  equal  to  80'5 
cubic  feet  per  I.H.P.  hour.  The  indicated  heat  efficiency — 1.0.,  the 
quantity  of  heat  converted  into  indicated  work — was  32*2  per  cent.,  heat 
lost  to  the  cooling  jacket  22*5  per  cent.     At  half  load  the  consumption 
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of  gas  per  I.H.P.  hour  increased  very  slightly,  and  the  heat  utilisation 
▼as  almost  as  good  as  at  full  power. 

A  trial  which  has  become  of  historic  interest,  and  to  which  many 
scientific  men  from  England,  France,  Germany,  and  Austria  were  in- 
vited,* was  made  at  the  Seraing  Works  in  March,  1900,  on  the  600  H.P. 
Cockerill-Simplex  engine  shown  at  Fig.  112.  The  experiments  lasted 
three  days,  and  were  carried  out  by  M.  Hubert,  a  distinguished  engineer 
of  Li^ge.  The  gas  from  the  furnaces  was  forced  by  four  Koerting 
injectors  into  the  cooler,  and  passed  thence  to  the  engine,  no  cleaning 
being  required.  The  mean  heating  value  of  the  gas  was  about  110 
B.T.U.  per  cubic  foot  in  Professor  Witz's  bomb  calorimeter,  and  97*3 
B.T.U.  in  the  Junkers  calorimeter.  The  first  day's  trial  was  prelimi- 
nary ;  on  the  second  day  the  engine  drove  itself  only,  and  on  the  third 
day  it  was  attached  to  the  blowing  engines.  The  speed  on  the  two 
latter  days  varied  from  84  to  91  revolutions  per  minute,  and  the  thermal 
efficiency  per  I.H.P.  on  the  second  day  was  30  per  cent.  The  con- 
sumption of  gas  per  B.H.P.  hour  was  123-7  cubic  feet  on  the  second 
day's  trial,  and  110  cubic  feet  during  the  third  day.  Full  details  and 
dimensions  of  the  engine  will  be  found  in  Table  7. 

ConoluBionB. — The  most  important  queation  to  be  solved  is  whether 
large  gas  engines,  at  the  temperatures  and  pressures  developed  in  the 
interior  of  the  cylinders,  and  their  comparatively  high  piston  speed,  may 
be  relied  on  to  run  safely  and  steadily  for  a  long  period  without  undue 
wear.  For  lighting  gas  large  engines  will  probably  not  be  often  built  in 
the  future,  except  near  gas  works,  to  utilise  the  coke,  or  where  the  power 
required  is  intermittent  The  question,  therefore,  is  one  which  mainly 
concerns  power  and  blast-furnace  gases.  Professor  Meyer  has  visited  a 
number  of  large  gas  plants,  and  found  all  satisfactory  in  this  respect. 
The  system  of  driving  engines  with  blast-furnace  gases  is  still  in  its 
in&ncy,  but  so  far  no  failures  have  been  recorded.  Furnace  works 
which  began  with  small  powers  are  now  ordering  much  larger  motors. 

Whether  the  Otto  cycle  with  its  one  motor  stroke  in  four  is  the  most 
suitable  type  for  this  class  of  work  is  a  moot  point.  The  results  obtained 
with  the  two-cycle  Oeohelhaueser  and  Koerting  engines  are  noteworthy. 
Professor  Meyer  states  the  principal  difference  between  the  two-  and 
four-cycle  motors  as  follows : — In  the  four-cycle  the  delivery  pump  and 
working  cylinder  are  so  combined  that  the  same  cylinder  serves  during 
the  first  two  strokes  for  admission  and  compression,  and  for  the  last  two 
as  the  motor  cylinder.  In  the  two-cycle  these  functions  are  divided,  and 
therefore  about  twice  as  much  work  can  be  obtained  with  the  same 
working  cylinder,  but  with  the  added  complication  of  the  pump.  In  the 
large  engines  now  required,  in  which  the  size  of  the  cylinder  is  a 
*  Mr.  Bryan  Donkin  was  present  throughout  these  experiments. 
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difficulty,  it  is  of  real  advantage  to  have  two  cylinders.  The  question 
whether  two-cycle  engines  are  more  economical  and  simpler  can  only  be 
decided  by  tests  and  experience.  From  a  theoretical  point  of  view,  the 
processes  of  combustion  and  work  are  as  well  carried  out  in  two  as  in 
one  cylinder,  but  rather  more  power  is  required  to  deliver  and  drive 
out  the  charge.  The  scavenging  charge  in  the  two-cycle  type  may,  in 
Professor  Meyer's  opinion,  be  more  desirable  than  to  retain  some  of  the 
products  of  combustion,  as  in  the  four-cycle.  English  writers  seem 
agreed  that  the  cylinder  should  be  cleansed  of  the  burnt  products,  but 
care  must  be  taken  that  none  of  the  fresh  charge  escapes  through  the 
exhaust.  Each  type  of  engine  has  its  special  characteristics,  and  is 
suitable  for  a  given  purpose. 

One  of  the  chief  disadvantages  of  the  four-cycle — namely,  that  it 
gives  only  one  motor  stroke  in  four — disappears  when  blast-furnace  gases 
are  utilised.  For  these  such  large  powers  are  required  that,  as  a  rule, 
engines  must  be  made  with  two  cylinders,  and  thus  an  impulse  is 
obtained  per  revolution,  or  with  four  cylinders,  giving  an  impulse  per 
stroke.  The  director  of  the  Gas-Motoren  Fabrik  Deutz  maintains  the 
superiority  of  four-cycle  over  single-cylinder  engines  for  large  powers. 
If  variations  of  speed  of  ^  are  allowed,  the  price  is  little  less  for  two  or 
four  cylinders  than  for  one;  but  if  variations  of  y^  only  are  permissible, 
as  with  motors  driving  dynamos,  two-cylinder  engines  cost  75  per  cent, 
less,  and  four-cylinder  60  per  cent.  less.  The  number  of  cylinders — one 
or  four — does  not  seem  to  affect  the  consumption.  For  engines  driving 
dynamos,  the  degree  of  uniformity,  according  to  the  latest  opinion, 
should  not  fall  below  1  in  150.  This  is  a  difficult  matter  to  obtain  in 
single-cylinder  engines.  Professor  Meyer  raises  the  point — also  brought 
forward  by  Mr.  Dugald  Clerk — whether,  since  two  cylinders  are  prac- 
tically necessary  in  all  large  engines,  the  division  of  work  is  not  better 
when  these  cylinders  consist  of  motor  and  pump,  instead  of  two  motor 
cylinders. 

An  advantage  especially  noted  by  English  writers  is  that,  if  blast- 
furnace gases  can  be  utilised  to  produce  power  and  save  money,  the 
manufacture  of  iron  may  be  carried  on  under  better  conditions  than  at 
present.  As  long  as  it  is  the  sole  product  of  the  furnaces,  the  fuel 
supplied  is  economised  as  mUch  as  possible.  But,  if  more  fuel  were  used 
and  the  heating  value  of  the  gas  increased,  more  power  could  be  obtained, 
while  the  production  of  iron  would  be  improved.  Since  all  the  fuel 
supplied  would  be  utilised,  not  only  to  produce  better  iron,  but  also,  and 
perhaps  primarily,  to  generate  power  gas,  there  would  be  no  waste,  as  at 
present.  In  this  respect,  however,  arrangements  are  now  made  to 
prevent  the  waste  of  gas  from  the  top  of  the  furnaces.  About  three- 
quarters  of  the  gases  generated  should  be  made  available  for  power.     In 
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England,  the  volume  or  production  of  furnace  gas  is  about  170,000  cubic 
feet  per  ton  of  pig  iron  smelted,  or  per  ton  of  coke  used  Thus,  an  engine 
burning  100  cubic  feet  per  I.H.P.  hour  would  give  the  equivalent  of 
1,700  H.P.  per  ton  of  pig  iron. 

Probably  the  greatest  future  for  the  utilisation  of  these  gases  will  be 
in  the  storage  of  electric  energy,  transmission,  and  motive  power  for 
electric  traction.  It  is  even  possible  that  by  these  means  some  of  the 
furnaces  now  closed  might  again  be  started. 

Suxnmary. — The  author  had  the  advantage  of  studying  many  modem 
types  of  blast-furnace  gas  engines  on  the  Continent.  Most  of  them  have 
dynamos  on  the  crank  shaft,  generating  electricity  for  power  or  light,  as 
required,  at  different  and  distant  parts  of  the  iron  works.  Much  still 
remains  to  be  learnt  as  regards  the  best  and  most  economical  use  to  be 
made  of  these  gases  for  power,  and  it  is  a  large  and  most  important  new 
field  for  industrial  enterprise. 

As  to  the  extent  to  which  the  gases  charged  with  dust  and  other 
impurities  must  be  cleaned,  their  treatment  varies  greatly  in  different 
works,  according  to  the  different  fuels  and  ores  used.  The  gases  must  be 
drawn  continuously  from  the  top  of  the  furnace,  and  forced  through  the 
scrubbers  and  into  the  holders,  and  for  this  purpose  various  methods 
have  been  adopted — steam  jets,  fans,  air  propellers,  pumps,  exhausters, 
&c.  Time  and  experience  will  show  the  best  system  for  each  locality. 
Hitherto  the  blowing  engines  have  nearly  always  been  driven  by  steam. 
If  the  waste  furnace  gases  are  to  be  efficiently  utilised,  they  should  be 
burnt  in  gas  engines  driving  the  air  compressors  and  pumps  direct,  as  is 
done  in  some  works,  and  especially  at  Seraing.  Such  an  arrangement 
is  much  more  economical  than  slow-running  steam  engines,  with  their 
cumbersome  beams  and  cranks,  the  boilers  to  keep  in  order,  the  condens- 
ing water  required,  and  all  the  usual  long  steam  pipes,  causing  loss  of 
heat  by  condensation  of  the  steam,  and  a  poor  heat  ef&ciency.  On  the 
other  hand,  blast-furnace  gases  can  be  passed  through  large  pipes, 
without  loss,  to  any  part  of  the  works  where  power  is  required.  As 
will  be  seen  from  the  tests  given  in  Table  No.  7,  the  heat  efficiency  in 
gas  motors  per  B.H.P.  is  high,  varying  from  20  to  26  per  cent.  As  to 
their  commercial  value,  there  is  little  doubt  that,  if  capital  be  judiciously 
laid  out  on  the  best  type  of  gas  engines,  it  will  yield  a  very  good  interest. 
Enterprising  pig-iron  masters  ought  not  in  the  future  to  allow  any  of 
these  gases  to  go  to  waste,  but  pass  them  all  through  gas  engine 
cylinders,  and  thus  obtain  power  in  the  most  economical  way,  and  at 
little  cost. 

Gtas  from  Coke  Ovens. — Among  the  various  gases  now  available 
for  power  are  those  generated  from  the  ovens  in  which  coke  for  blast 
furnaces  and   foundries   is  made.     It   has  been  proposed,  though  the 
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suggestion  has  hardly  yet  been  much  applied,  to  use  cokeH>yen  gas  to 
drive  engines.  When  ooal  is  thus  converted  into  coke,  if  the  bye- 
products  be  recovered  and  the  gas  utilised,  a  treble  source  of  profit  may 
be  afforded.  As  shown  by  the  analysis  at  p.  246,  the  gases  obtained 
from  these  ovens  are  practically  the  same,  when  analysed,  as  lighting 
gas.  The  coke  ovens  may  be  placed  close  to  the  furnaces,  and  form  with 
them  and  the  gas  engines  one  large  power  plant.  Several  engines  are 
now  worked  with  coke-oven  gases,  a  description  of  which  will  be  found 
under  the  different  heads  (see,  in  particular,  Fig.  71).  Messrs.  Andrew, 
of  Stockport,  have  made  two  double-cylinder  engines,  each  of  200  H.P., 
to  work  with  coke-oven  gas,  which  have  been  running  satisfactorily  for 
some  time.  The  gases  require  the  same  process  of  cleaning  as  blast- 
furnace gases. 

In  an  able  paper  by  M.  De  Keyser,  the  subject  is  thoroughly  treated 
from  an  economic  point  of  view.  In  his  opinion,  a  great  saving  would 
be  effected  if  blast-furnace  gases  were  utilised  to  heat  the  coke  ovens,  and 
the  gases  from  these  ovens  were  conveyed  direct  to  gas  engines,  and 
there  burnt.  One  cubic  metre,  or  35*3  cubic  feet,  of  blast-furnace  gases 
will  yield  0*252  H.P.  when  burnt  in  a  gas  engine,  whereas  1  cubic  metre 
of  coke-oven  gas  will,  under  the  same  conditions,  give  1*92  H.P.,  or 
nearly  seven  times  as  much  power.  As  now  worked,  there  is  generally 
an  excess  of  about  25  per  cent,  of  gas,  remaining  over  and  sent  to  waste, 
after  the  requirements  of  the  coke  ovens  have  been  met.  If,  from  a 
battery  of  50  ovens,  this  excess  is  burnt  under  boilers,  it  gives  about 
300  H.P.;  but,  if  it  be  directly  utilised  in  the  cylinders  of  gas  engines, 
it  will  yield  655  H.P.  These  gases  have  a  high  heating  value,  owing  to 
their  large  proportion  of  hydrogen  ;  very  high  compression,  therefore,  in 
the  cylinder  is  not  desirable.  The  coal  supplied  furnishes,  on  an  average, 
71  per  cent,  of  coke  by  volume,  and  270  cubic  metres  =  9,533  cubic  feet 
of  gas  per  ton  of  coal,  or  380  cubic  metres  =  9,917  cubic  feet  per  ton  of 
coke  produced. 

Coke-oven  plants  are  now  working  in  Westphalia  and  elsewhere. 
MM.  Koerting  have  a  1,200  H.P.  electric  power  installation  in  Silesia, 
and  the  Deutz  firm  one  of  675  H.P.,  both  driven  with  coke-oven  gas. 
For  a  test  of  a  Borsig-Oechelhaueser  engine,  see  p.  173.  An  interesting 
plant,  the  first  on  a  large  scale  in  Austria,  was  erected  at  the  Theresa 
Mine,  in  Ostrau,  in  1901.  There  are  120  coke  ovens,  the  gas  from 
which,  after  recovery  of  the  ammonia,  is  utilised  to  drive  three  four- 
cycle 300  H.P.  gas  engines  supplied  by  the  Berlin  Anhaltische  Co. 
The  engines  are  coupled  direct  to  dynamos,  and  furnish  the  power 
required  in  the  works.  The  gas  has  a  heating  value  of  291  B.T.U.  per 
cubic  foot,  and  yields  a  heat  efficiency  of  over  30  per  cent. 

Brown  Coal  Gas. — ^The  following  interesting  particulars  of  a  power 
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plant    in   Crermany  represents  a  class   of  work   midway  between  the 

ntilisation  of  coke-oven  and  of  blast-furnace  gases  in  engine  cylinders. 

The  engines,  constructed  by  MM.  Krupp,  of  Essen,  are  at  the  Emma 

Brown  Goal  Mine  at  Streckau,  in  North  Qermany.     There  are  three 

four-cycle  single-cylinder  horizontal  gas  engines,  each  indicating  125  H.P., 

with  a  speed  of  160  revolutions  per  minute.     They  are  driven  by  the 

waste  gases  given  off  from  brown  coal  when  distilled  to  produce  tar  and 

coke.     The  gases,  an  analysis  of  which  will  be  found  in  the  table  at  p. 

246,  have  a  heating  value  of  2,750  to'  2,800  calories  per  cubic  metre  =  308 

to  313  B.T.XJ.  per  cubic  foot,  or  a  little  more  than  half  the  heating  value 

of  lighting  gas,  and  double  that  of  power  gas.     They  are  drawn  from  the 

coke  ovens  by  exhaustors,  and  led  to  the  coolers,  where  the  tar  is 

deposited,  then  passed  through  purifiers  to  the  gasholder.     When  burnt 

in  a  Bunsen  burner  the  gas  gives  out  sufficient  heat  to  maintain  the  hot 

tube  of  a  small  auxiliary  engine  at  the  temperature  of  ignition.     The 

power  generated  is  used  to  drive  two  dynamos — one  for  lighting  the 

mine,  the  other  for  the  electric  motors  working  the  gas  exhausters, 

hauling  gear,  water  pump,  and  a  coal  screening  apparatus.     In  another 

plant  near  Halle  there  are  two  100  H.P.  engines,  and  another  of  the 

same  size  at  Hoyerswerda.     The  Deutz  firm  have  devoted  attention  to 

this  class  of  work.     The  gases  from  brown  coal  briquettes,  or  loose  coal, 

are  usually  generated  in  a  producer  in  the  same  way  as  other  power  gas. 

In  some  places  the  heating  value  of  the  gas  is  not  more  than  180  B.T.U. 

per  cubic  foot,  and  the  coal  sometimes  contains  from  50  to  60  per  cent. 

of  water.     The  average  consumption  of  this  gas  in  an  engine  cylinder 

is  2*3  to  2-8  cubic  metres  =  82  to  98  cubic  feet  per  B.H.P.  hour. 

Attempts  have  been  made  to  utilise  acetylene  gas  as  a  source  of 
motive  power,  but  they  have  not  hitherto  met  with  much  success,  owing 
to  the  highly  inflammable  character  of  the  gas. 
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CHAPTER  XIII. 
THE  THEORY  OF  THE  GAS  ENGINE. 

CoNTEKTS. — ^LawB  of  Qases — Boyle's  Law — Qay-Lussac^s  Law — Joule's  Law  of  the 
Mechanical  Equivalent  of  Heat — Thermal  Units — Specific  Heat — Camot's  Law 
— Perfect  Cycle— Isothermal  and  Adiabatic  Curves — Ideal  Efficiency — Other 
Cycles — Indicator  Diagrams — Entropy  and  Entropy  Diagrams. 

Laws  of  Gkuies. — No  complete  study  of  the  gas  engine  is  possible,  unless 
it  includes  a  knowledge,  however  slight,  of  the  gas  itself,  or  working  flaid, 
the  physical  and  chemical  laws  governing  it,  and  the  chief  phenomena 
taking  place  in  the  cylinder  of  an  engine.  None  of  these  phenomena  are 
the  result  of  chance.  The  laws  controlling  the  action  of  gases  have  been 
accurately  determined.  The  force  of  the  explosion  of  gas  in  a  cylinder 
seems,  at  first  sight,  impossible  to  regulate.  But  it  can  be  determined 
with  precision,  and  is  always  exactly  proportioned  to  the  pressure  and 
temperature  of  the  gas  when  admitted,  and  the  amount  of  its  dilution 
with  air.  Thus,  if  a  certain  weight  of  gas,  composed  of  known  chemical 
elements  in  a  definite  combination,  and  diluted  with  a  given  proportion 
of  air,  be  admitted  into  a  cylinder  of  known  dimensions,  its  action  can  be 
accurately  foretold,  and  the  work  which  it  is  able  to  do  estimated. 

The  term  "working  fluid"  is  applied  to  the  medium  of  heat  in  thermal 
motors.  It  is  equally  correct  to  call  it  the  "  working  agent,"  and  the 
latter  expression  will  here  be  used.  No  absolutely  perfect  gas  is  at 
present  known — that  is,  a  gas  which  obeys  perfectly  the  theoretical  laws, 
and  cannot  be  condensed  into  a  liquid  by  any  change  of  temperature. 
But  in  the  case  of  coal  gas,  air,  or  oil,  the  chief  agents  for  the  trans- 
mission of  heat  in  internal  combustion  engines,  the  variation  from  a 
perfect  gas  is  so  slight  that,  for  practical  purposes,  it  may  be  neglected. 

Of  the  different  laws  regulating  the  action  of  gases,  two  only  are 
essential,  in  order  to  understand  the  phenomena  in  a  heat  engine.  The 
first  is  known  as  Boyle's  Law  in  England,  and  Marriotte's  Law  on  the 
Continent.  It  was  first  propounded  by  Robert  Boyle  in  1662,  and  is  as 
follows  : — 

I.  Boyle's  Law. — If  the  temperature  of  a  gas  be  kept  constant,  its 
pressure  will  vary  inversely  as  the  volume  it  occupies. 

This  proposition  defines  the  relation  between  three  attributes  invari- 
ably found  in  all  gases — namely,  their  temperature,  volume,  and  pressure, 
the  latter  being  the  force  the  gas  exerts  upon  the  walls  surrounding  it. 


GAY-LUSSACS  LAW.  267 

reckoned  in  lbs.  per  square  inch.  All  the  phenomena  taking  place  in  a 
heat  engine  are  produced  hy  varying  one  or  other  of  these  attributes — 
that  is,  hj  increasing  or  diminishing  the  temperature,  the  volume,  or  the 
presanre  of  a  gas.  Boyle's  law  may  be  illustrated  by  imagining  a  cylinder 
containing  a  piston,  both  perfectly  tight.  The  piston  is  set  half-way 
through  the  length  of  the  cylinder,  and  gas  admitted  on  one  side  of  it ; 
and  the  temperature  of  the  gas  being  kept  constant,  the  supply  is  next 
cut  off.  If  the  piston  be  then  moved  to  its  farthest  limit,  it  will  uncover 
the  other  half  of  the  cylinder,  and  the  available  volume  will  be  doubled. 
The  gas  will  instantly  expand,  following  the  piston,  and  as  no  more  is  ad^ 
mitted,  the  same  quantity  will  occupy  twice  as  much  space  as  before. 
But  this  increase  in  volume  of  gas  will  also  be  accompanied  by  a  corre* 
spending  diminution  in  pressure.  The  force  exerted  by  the  gas  on  the 
piston  will,  at  the  end  of  the  stroke,  be  half  as  much  as  before.  If  the 
space  originally  occupied  by  the  gas  be  caUed  one  volume,  and  its  pres- 
sure be  taken  as  equal  tp  that  of  the  atmosphere^  or  in  round  numbers,  a 
pressure  of  15  lbs.  on  every  square  inch  of  the  piston  surface,  the  gas, 
when  the  piston  has  moved  to  the  end  of  the  cylinder,  will  occupy  two 
volumes,  but  will  exert  a  pressure  of  only  H  lbs.  per  square  inch  upon 
the  piston.  The  temperature  being  always  the  same,  the  products  of  the 
pressure  and  the  volume  will  remain  constant.     To  express  Boyle's  law 

differently — 

Volume  X  pressure  =  constant. 

Now,  let  us  suppose  that  the  temperature  be  at  the  same  time  varied; 
quite  different  conditions  are  immediately  introduced,  and  the  law 
requires  modification,  necessitated  by  the  introduction  of  a  new  factor, 
the  action  of  which  follows  a  second  law.  If  heat  be  furnished  to  the 
cylinder  described,  and  the  temperature  of  the  gas  raised,  without 
allowing  the  piston  to  move  out,  the  gas  will  continue  to  occupy  the 
same  space  as  before,  but  the  increase  of  temperature  will  cause  the 
pressure  to  increase.  The  heat  will  force  the  particles  of  gas  further 
apart,  and  the  pressure  or  tension  will  rise  until,  if  the  temperature  be 
continually  increased  without  an  increase  in  the  volume,  the  gas  will 
burst  the  cylinder.  This  expansion  of  gas  through  the  application  of 
heat,  and  its  corresponding  contraction  when  heat  is  withdrawn,  have 
been  carefully  verified,  and  the  degree  of  variation  in  volume  or  pressure, 
determined  by  experiment,  has  been  found  to  be  in  exact  proportion  to 
the  quantity  of  heat  added  to,  or  abstracted  from,  the  gas.  It  forms  the 
basis  of  the  following  second  law  of  gases,  called  Charles'  law  in  England, 
and  the  law  of  Gay-Lussac  on  the  Continent. 

II.  Gfray-LxLBsao's  Law. — The  pressure  being  constant,  all  gases 
expand  ^^  part  of  the  volume  they  occupy  at  0*"  C.  for  every  rise  of  1*  C. 
in  their  temperature.     The  law  may  be  stated  differently  thus  : — 
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Suppose  a  gas  at  0^  0.  is  at  constant  volume  in  a  olosed  vessel,  and 
€xerting  a  pressure  of  273  lbs.  per  square  inch.  For  each  degree  Centi- 
grade added  to  its  temperature,  the  pressure  of  the  gas  will  increase  1  lb. 
per  square  inch.  If,  therefore,  its  temperature  be  raised  10**  the  pressure 
will  be  283  lbs.  per  square  inch.  The  converse  of  the  law  also  holds 
good.  If  the  volume  remains  constant,  the  initial  pressure  of  a  gas  at 
0*"  C.  diminishes  by  ^-f ^  part  for  each  degree  Centigrade  hj  whieh  its 
temperature  is  lowered.  Therefore,  if  a  gas  at  0^  C.  be  reduced  1°,  it 
will  contract  by  -^^  part  of  its  volume,  and  if  it  were  possible  to  continue 
the  process,  and  to  lower  gradually  the  temperature  of  the  gas  273^  C,  a 
point  would  be  reached,  called  the  '*  absolute  zero,"  at  which  the  gas 
would  theoretically  possess  neither  volume  nor  pressure.  In  practice, 
however,  this  limit  is  never  reached,  a  "  critical "  point  intervening,  at 
which  the  gas  alters  its  physical  condition  and  liquefies,  when  the  law  as 
to  gases  naturally  hojds  good  no  longer.  According  to  the  law  of  Gay- 
Lussac,  more  heat  could  not  be  abstracted,  even  if  the  lowest  limit  of 
temperature  were  not  reached,  because  the  gas  would  have  no  further 
power  of  contraction,  and  therefore  of  diminution  in  pressure. 

It  is  very  difficult  to  reduce  a  body  to  this  extreme  of  cold,  althoagh 
ill  recent  experiments  it  has  practically  been  done.  The  ''absolute  zero" 
—viz.,  273**  below  0"  C.  and  461*  below  0'  F.— is,  however,  the  basis  of 
all  calculations  of  temperature  in  scientific  work.  The  zeros  fixed  by 
Fahrenheit,  R^umur,  and  Celsius  are  all  arbitrary  determinations,  below 
which  temperatures  continually  fall,  but  they  cannot  be  used  as  the 
original  starting  point  for  measuring  heat.*^  In  calculating  the  heat  in 
an  engine,  the  temperatures  are  usually  measured  from  the  absolute  zero, 
or  ordinary  temperature  Centigrade  +  273*.  Now  in  the  first  law  of 
gases  there  are  variations  in  only  two  characteristics  of  a  gas  to  be  con- 
sidered. In  the  second  law  three  variables  occur,  and  the  relation 
between  the  three  is  expressed  thus  : — 

^-^  =  Ratio  or  R. 

Put  into  words  this  formula  runs  : — The  volume  v  multiplied  by  the 
pressure  p  of  any  gas,  and  divided  by  the  absolute  temperature  T,  are 
equal  to  a  certain  fixed  ratio,  R.  The  same  law  may,  of  course,  be  ex- 
pressed thus : — 

V  X  p  =  R  X  T, 

The  value  of  R  for  air  is  29*64. 

*  The  centigrade  scale  fixed  by  Celsius  has  been  practically  adopted  in  Enrope 
and  America  for  scientific  work.  It  is  often  used  in  this  book,  in  order  not  to  con- 
fuse the  student  passing  on  to  other  and  more  elaborate  theoretical  works,  in  which 
he  will  find  no  other  scale  of  temperature  given. 
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This  ezpansion  of  a  gas  ^^7  ^^  ^^^  volume  for  every  degree  Centigrade 
added  to  its  temperature,  is  equal  to  the  fraction  0*00367,  called  the  co- 
efficient of  ezpansion.  The  term  **  coefficient"  signifies  a  fixed  quantity 
or  mean  value,  accurately  determined  by  experiment,  and  applying 
equally  to  all  bodies  possessing  the  same  properties,  and  under  the  same 
conditions.  If  the  amount  of  heat  added  to  any  gas  be  known,  the 
degree  to  which  it  will  expand  can  be  exactly  calculated  by  this  co- 
efficient. As  it  increases  in  pressure  or  expands  in  regular  proportion  to 
the  heat  added,  it  is  evident  that  there  must  exist  some  fixed  relation 
between  the  expansion  of  the  gas  and  the  temperature  producing  it. 
This  relation  forms  a  link  between  the  laws  of  gases  we  have  just 
been  considering  and  those  governing  the  action  of  heat,  and  furnishes 
a  good  example  of  the  first  and  most  important  Law  of  Thermo- 
dynamics, the  Mechanical  Equivalent  of  Heat.  It  may  be  briefly  stated 
thus : — 

I.  Joule's  Law — Meohanioal  Equivalent. — Whenever  heat  is  im- 
parted to,  or  withdrawn  from  a  body,  energy  is  generated  in  proportion, 
or  an  equivalent  amount  of  mechanical  work  is  done  by  the  body,  or  upon 
it  by  external  agency.  The  proportion  between  the  heat  absorbed,  or 
given  out,  and  the  work  performed  is  always  the  same. 

This  law,  which  has  given  a  new  direction  to  scientific  thought  during 
the  last  half  century,  was  foreshadowed  by  Count  Rumford  and  Sir 
Humphry  Davy,  and  discovered  almost  simultaneously  in  England  by 
Joule,  in  Germany  by  Meyer,  and  in  France  by  Him.  The  priority  is 
usually  ascribed  to  Joule,  who  published  the  results  of  his  experiments 
in  1843,  and  the  law  is  known  in  England  as  the  Law  of  the  Mechanical 
Equivalent  of  heat,  or  briefly  as  Joule's  Equivalent.  It  is  twofold  in  its 
operation  and  eflects,  and  may  be  expressed  as:— -heat  is  a  form  of 
energy,  or  mechanical  energy  (work)  may  be  converted  into  heat  accord- 
ing to  a  definite  law. 

To  explain  it  we  will  again  use  our  illustration  of  a  cylinder  with  an 
air-tight  piston,  containing  a  given  volume  of  gas.  As  long  as  the  tem- 
perature of  the  gas  does  not  vary,  its  volume  and  pressure  have  been 
proved  to  stand  to  each  other  in  exactly  inverse  ratios.  As  the  one 
increases,  the  other  decreases.  If  heat  be  added,  the  gas  expands,  the 
pressure  rising  in  exact  proportion  to  the  increase  in  heat.  It  is  the  law 
of  the  mechanical  equivalent  which  explains  the  reason  of  this  increase 
in  expansive  power.  Heat  has  been  put  into  the  gas,  and  disappears  as 
iieat,  to  reappear  in  some  other  form.  Nor  can  it  be  otherwise.  The 
Ifkw  of  the  mechanical  equivalent  is  a  necessary  deduction  from  the  prin- 
ciple that  nothing  in  nature  can  be  lost  or  wasted.  All  the  heat  im- 
parted to  the  gas  must  be  found  again,  either  as  heat,  or  transformed 
into  some  other  form  of  energy.     In  the  case  of  our  cylinder  and  piston, 
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all  the  heat  will  be  changed  into  work,  and  will  be  absorbed  in  producing 
the  expansive  force  of  the  gases  driving  out  the  piston.  Were  there  no 
piston,  and  the  cylinder  open  at  one  end,  work,  since  it  must  be  done  by 
the  expansion  of  the  gases,  would  be  done  on  the  atmosphere.  In  no 
case  can  the  heat  imparted  to  the  gas  be  lost.  Either  it  is  represented 
by  the  expansion  of  the  gas,  or  carried  off  by  radiation  to  the  conducting 
substances  surrounding  the  cylinder. 

The  earliest  and  simplest  example  of  heat  transformed  into  mechani- 
cal energy  is  shown  by  a  cannon,  which  is  really  a  primitive  form  of  beat 
engine.  The  bore  of  the  cannon  represents  a  cylinder,  the  bullet  is  acted 
upon  in  the  same  way  as  a  piston.  A  solid  combustible  is  used  to  pro- 
duce inflammable  gas,  but  the  effect  is  the  same  as  in  a  gas  motor. 
Heat  applied  to  this  combustible  or  powder  causes  it  to  explode,  and  the 
force  of  the  explosion,  or  expansion  of  the  gases  generated,  drives  out 
the  bullet  with  great  velocity.  Not  only  can  heat  be  thus  transformed 
into  actual  work,  but  the  converse  proposition  that  energy  may  be  trans- 
lated into  heat  has  been  demonstrated  by  many  careful  experiments. 
Both  are  mutually  convertible  forces,  and  this  may  be  verified  by 
suddenly  arresting  the  progress  of  the  bullet.  The  energy  of  motion 
imparted  to  it  by  the  heat  of  combustion  and  not  yet  expended,  is 
immediately  retransformed  into  heat,  and  the  bullet  is  found  to  be  much 
hotter  than  if  it  had  been  allowed  to  continue  its  course  till  its  velocity 
was  spent.  Sir  Humphry  Davy  demonstrated  the  truth  of  this  proposi- 
tion in  another  way,  by  his  celebrated  experiment  of  rubbing  two  pieces 
of  ice  together  in  a  vacuum,  without  change  of  temperature.  Water  was 
produced,  showing  that  the  ice  was  partially  melted,  and  the  heat 
required  to  effect  this  change  of  state  could  only  have  been  obtained  by 
friction- — ^that  is,  by  mechanical  energy  or  work,  as  no  heat  had  been 
added  externally  to  the  ice. 

The  theory  of  the  mechanical  equivalent  is  equally  applicable, 
whether  a  gas  be  heated  or  cooled.  If  heat  be  imparted  to  it,  and  the 
gas  allowed  to  expand,  the  particles  are  driven  further  apart ;  if  heat  be 
abstracted  they  shrink.  Work  will  be  done  on  the  gas  by  contraction, 
instead  of  by  the  gas  through  expansion.  But  if  a  gas  be  compressed  at 
<;on8tant  temperature,  and  no  heat  abstracted,  work  being  done  on  it, 
and  the  gas  caused  to  diminish  in  volume,  heat  will  be  stored  up,  and 
the  temperature  of  the  gas  raised.  The  energy  of  motion  or  mechanical 
work  of  compression  of  the  particles  is  transformed  into  heat.  If,  how- 
ever, the  heat  is  carried  off  in  proportion  as  it  is  evolved  by  contraction, 
the  gas  will,  as  has  been  shown,  gradually  decrease  in  volume,  in  temper- 
ature, and  in  pressure,  until  the  point  of  absolute  zero  is  reached.  In 
this  way  the  law  of  the  mechanical  equivalent  confirms  the  existence  of 
an  absolute  zero.     If  it  were  possible  for  the  gas  to  exceed  this  limit  in 
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any  one  of  its  three  characteristics,  the  fundamental  law  of  thermodj- 
namicB  would  be  violated.  If  it  could  decrease  still  further  in  volume, 
work  would  be  done  in  contraction  without  anj  corresponding  diminu- 
tion in  temperature,  and  we  should  have  energy  without  heat.  The  two 
aspects  of  the  law  in  its  application  to  gases  are,  expansion  by  the 
addition  of  heat,  and  contraction  by  the  withdrawal  of  heat.  In  a  heat 
motor  the  first  is  called  positive,  and  the  second  negative  work.  It  is 
with  the  effect  produced  by  external  work  that  the  theory  and  practice  of 
heat  engines  are  chiefly  concerned. 

Thermal  Units. — The  proportion  between  the  heat  added  and  work 

done  being  a  fixed  quantity,  it  is  possible  to  determine  accurately  the 

work  theoretically  performed  for  a  given  amount  of  heat  supplied.     The 

two  are  linked  together  in  practice,  and  the  relation  in  which  they  stand 

to  each  other  is  expressed  in  the  following  way : — In  England  it  is  usual 

to  adopt  as  the  unit  of  Heat  the  «' British  Thermal  Unit"  (B.T.U.),  or 

the  amount  of  heat  which  will  raise  1  lb.  of  water  1**  F.,  and  if  this  unit 

of  heat  be  applied  to  a  body,  it  is  equivalent  to  the  work  of  lifting  778 

lbs.  1  foot  in  height,  or  a  weight  of  1  lb.  a  distance  of  778  feet.     On  the 

Continent  the  unit  of  heat  is  called  a  "  calorie."    One  calorie  represents 

the  amount  of  heat  required  to  raise  the  temperature  of  1  kilogramme  of 

water  1*  C,  and  if  this  quantity  of  heat  be  converted  into  work,  it  will 

lift  425  kilos,  through  1  meter,  or  1  kilo,  through  425  metres.     The  unit 

of  measurement  of  work  is  called  foot-pound  in  England  (ft.  x  lb.),  and 

a  kilogrammetre  abroad  (kilo,  x  metre).     The  difference  lies  only  in  the 

respective  units  of  weight  and  temperature  employed  here  and  on  the 

Continent. 

The  measurement  of  the  exact  relation  between  heat  and  work  was 
determined  by  James  Prescott  Joule,  after  long  and  careful  experiments. 
The  apparatus  he  principally  made  use  of  to  verify  the  law  of  the 
mechanical  equivalent  consisted  of  a  closed  copper  vessel  filled  with 
water.  Within  it  were  revolving  paddles  attached  to  a  vertical  spindle. 
The  spindle  and  paddles  were  made  to  rotate  by  means  of  a  cord  passing 
over  a  pulley  connected  to  a  weight.  When  the  weight  fell,  the  spindle 
rotated,  causing  the  paddles  to  revolve  and  to  agitate  the  water,  and 
heat  was  produced  by  friction  between  them.  The  rise  in  degrees  of 
temperature  of  the  water  was  found  to  be  exactly  in  proportion  to  the 
distance  in  feet  passed  through  by  the  weight,  multiplied  by  the  number 
of  lbs.  it  weighed.  From  these  and  many  similar  experiments  with 
water  and  gases.  Joule  deduced  his  great  law. 

Specifio  Heat. — All  bodies  have  not  the  same  capacity  for  absorbing 
heat.  Those  which  are  heated  without  changing  their  physical  state 
require  less  heat  to  raise  their  temperature  than  bodies  which  are  con- 
verted, during  the  rise,  say  from  liquid  to  gaseous.     A  large  quantity  of 
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heat  must,  for  instance,  be  imparted  to  water,  because,  afber  it  has 
absorbed  a  certain  amount,  it  ceases  to  be  a  liquid,  and  becomes  a  gas, 
steam.  Specific  heat  is  the  quantity  of  heat  necessary  to  vary  the 
temperature  of  any  body  through  one  degree,  the  quantity  of  heat 
required  to  raise  or  lower  the  temperature  of  an  equal  weight  of  water 
through  one  degree  being  taken  as  the  unit.  Water  is  universally 
adopted  as  the  standard  of  comparison,  and  its  Bpecific  heat  being  greater 
than  that  of  most  other  bodies,  their  specific  heats  are  expressed  in 
fractions.  For  example,  a  B.T.U.  represents  the  amount  of  heat  required 
to  raise  1  lb.  of  water  1**  F.,  therefore,  100  heat  units  will  raise  its 
temperature  100**  F.  The  specific  heat  of  mercury  is  *0d332.  To  raise 
1  lb.  of  mercury  through  100°  F.  will  require  -03332  x  100"  x  1  lb. 
»  3*332  heat  units.  The  specific  heat  of  mercury  is,  therefore,  about 
■^jf  that  of  the  same  weight  of  water,  which  requires  thirty  times  more 
heat  units  to  bring  it  to  the  same  temperature.  Specific  heat  has  been 
ably  illustrated  by  Mr.  H.  Graham  Harris  under  the  similitude  of 
"  appetite."* 

Further,  the  specific  heat  of  the  same  body  will  vary  according  to 
circumstances.  If  the  body  remains  under  stationary  conditions,  its 
specific  heat  will  be  less  than  if  its  condition  changes.  To  return  again 
to  the  cylinder  containing  a  given  volume  of  gas.  As  long  as  the  gas 
remains  inert  or  passive,  and  its  volume  does  not  vary,  it  possesses  a 
definite  specific  heat^  which  being  known,  the  quantity  of  heat  to  be 
added,  to  raise  it  to  a  certain  temperature,  can  be  calculated.  Bat  if 
the  piston  is  driven  out,  by  reason  of  the  expansion  of  the  gas  which, 
according  to  Gay-Lussac's  law,  increases  in  volume  by  ^^  for  every 
degree  rise  in  temperature,  work  will  be  done,  and  heat  will  in  conse- 
quence be  expended.  More  heat  will,  therefore,  be  required  to  heat  the 
gas — that  is,  its  *'  heat  appetite  "  will  be  greater  when  it  has  forced  out 
the  piston  than  before.  Under  the  first  condition,  the  heat  absorbed  by 
the  gas  is  defined  as  its  "  specific  heat  at  constant  volume,"  because,  the 
piston  being  stationary,  neither  the  volume  of  the  cylinder  nor  that  of 
the  gas  has  varied.  As  the  piston  moves  towards  the  end  of  the  stroke, 
the  volume  is  increased,  and  expansion  takes  place.  The  heat  of  the  gas 
is  then  called  its  "  specific  heat  at  constant  pressure,"  because,  while  the 
volume  of  the  cylinder  has  varied,  the  pressure  over  the  piston  area  has 
been  constant.  The  specific  heat  of  the  gas  at  constant  pressure  will  be 
higher  than  at  constant  volume,  and  the  difference  between  the  two 
represents  the  work  done  per  lb.  of  gas.  That  is  to  say,  the  increase  of 
specific  heat  in  the  gas  denotes  the  amount  of  heat  required  to  maintain 

*  See  Mr.  Harris's  Cantor  Lectures  on  "  Heat  Engines  other  than  Steam," 
delivered  before  the  Society  of  Arts,  May,  1899,  to  which  the  student  is  refMred  for 
an  exceedingly  clear  elementary  treatment  of  the  subject. 
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the  requisite  pressure  on  the  piston,  and  therefore  the  work  it  has 
performed. 

The  ratio  betveen  these  two  specifio  heats  is  of  great  importance,  axui 
has  frequently  to  be  employed  in  calculations  of  efficiency  or  mechanical 
energy  in  a  heat  engine.  It  varies  slightly  as  given  by  different  authori- 
ties, but  is  usually  reckoned  at  1*39  by  foreign,  and  1*408  by  English 
writers.  The  following  table,  taken  from  Regnault,  Grashof^  Ayrton 
and  Perry,  and  others,  gives  the  specific  heats  of  various  gases  at  constant 
pressure  and  constant  volume,  and  their  ratio : — 


Table  of  Spicifio  Heats  or  Gases  (from  varioiia  Authorities). 


Air  at  ordinary  temperature,     .        . 
Dry  air  (Rankine's  constant),     .        . 

Steam,         • 

Hydrogen, 

Nitrogen, 

Oxygen, 

Carbon  monoxide,        .        .        .        . 

Carbon  dioxide, 

Methane, 

.  Mixture  of  air  and  gas — 12*26  voU.  air  to 

1  of  gas, 

!  Products  of  combustion  (vols,  before  com- 
bustion, 1 :  8*18),     ..... 
Coal  gas  diluted  with  5*76  vols,  air,  4*5 

vols,  products — before  combustion. 
Goal  gas  diluted  with  576  vols,  air,  4*5 
vols,  products — after  combustion,  . 


Speniflo  Heat 

at  CoDiUnt 

Volune. 


0-168 
0169 
0-368 
2-406 
0173 
0-155 
0-173 
0171 
0-470 

0196 

0-192 

0182 

0-188 


Speclflc  Heat 
st  Constant 


0-237 
0*238 
0*480 
3-409 
0-243 
0-217 
0-245 
0-216 
0-593 

0-268 

0*264 

0-249 

0-258 


Batio 


1-41 
1-40 
1-30 
1-41 
1-41 
1-40 
1-41 
1-26 
1*26 

1-37 

1-37 

1*38 

1-36 


This  ratio,  1*4,  is  usually  expressed  by  a  symbol,  which  we  will  call  7. 
The  symbol  represents  the  difference  between  the  specific  heat  of  the  gas 
at  constant  volume  and  that  at  constant  pressure.  For  example,  for  air 
0-237  -  0-168  =  0-069  B.T.U.  »  the  increase  in  the  specific  heat  at 
constant  pressure,  when  external  work  has  been  done,  over  that  at  con- 
stant volume,  when  no  such  work  has  been  done. 

The  foregoing  laws  and  their  results  show  the  way  in  which  mechani- 
cal work  is  obtained  in  a  heat  engine.  The  whole  principle  of  converting 
heat  into  work  depends  on  the  heat  added  to  the  gas,  and  its  effect  upon 
the  volumes  and  pressures.  Theoretically,  the  greater  the  quantity  of 
heat  added,  the  more  work  will  be  done  on  the  piston,  because  the 
pressure  will  be  higher,  and  expansion  greater.  But  to  obtain  a 
maximum  of  work,  all  sources  of  waste  must  be  guarded  against.  The 
temperature  of  the  gas  should,  at  the  outset,  be  raised  to  its  highest 

limit,  as  much  heat  as  possible  utilised  in  expansion,  and  as  little  as 

18 
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possiUe  wasted^  It  is  necessary  to  have  at  our  disposal  a  source  of  heat 
and  a  source  of  cold — the  one  to  impart,  the  other  to  withdraw  the 
heat.  These  conditions  bring  us  to  the  second  law  of  thermodynamics, 
known  as  Gamot's,  because  it  was  first  laid  down  by  him  in  1824.  It  is 
as  follows : —  ^ 

II.  Camot's  Law. — If  heat  is  exchanged  at  constant  temperature 
between  a  source  of  heat  and  a  source  of  cold,  the  proportion  between 
the  quantity  of  heat  furnished  and  that  abstracted  depends  only  on  the 
absolute  temperature  (Centigrade  +  273**),  and  not  on  the  nature  of  the 
body  to  which  the  heat  is  imparted.  The  expression  "  constant  tempera- 
ture "  means,  not  that  the  amount  of  heat  present  does  not  vary,  but  that 
it  varies  only  in  proportion  to  the  work  done,  so  that  the  temperature 
is  not  affected.  This  law,  when  applied  to  the  phenomena  in  a  heat 
engine,  results  in  what  is  called  a  '' perfect  cycle."  It  supposes 
the  whole  difference  of  temperature  between  the  "heat"  source  and 
the  ''cold"  source  to  be  utilised  in  doing  work,  and  no  heat  to  be 
carried  off  and  wasted — a  condition  of  things,  of  course,  impossible  in 
practice. 

But  where,  it  will  be  asked,  is  the  necessity  for  a  source  of  cold  f 
Since  the  more  heat  is  added  to  a  gas,  and  absorbed  in  expansion,  the 
more  work  will  be  done,  why  should  not  the  whole  of  the  imparted  heat 
be  thus  utilised,  and  none  remain  to  be  withdrawn  1  The  reason  is  that, 
as  there  is  an  absolute  zero  to  which  no  gas  can  ever  be  cooled,  therefore 
the  whole  heat  can  never  be  converted  into  work.  In  a  motor  driven  by 
water  falling  from  a  given  height,  to  turn  to  practical  account  all  the 
energy  stored  up  in  the  water,  it  should  fall  to  the  centre  of  the  earth! 
As  it  can  only  descend  a  given  distance,  from  whatever  height  it  may 
come,  only  a  certain  proportion  of  its  energy  can  be  utilised.  The  same 
law  applies  to  the  fall  in  temperature  of  a  heat  engine.  It  is  only  within 
certain  limits  that  this  range  of  temperature  can  be  varied,  but  the  wider 
the  limits,  the  greater  the  force  or  energy  obtained.  To  enlarge  these 
limits  as  much  as  possible,  heat  must  be  added,  and  the  temperature  of 
the  working  agent  raised  at  the  beginning. 

This  fall  in  temperature  of  a  gas,  and  the  corresponding  loss  in 
pressure  upon  the  piston,  takes  place  inside  the  cylinder  of  a  heat  engine. 
To  calculate  the  work  done,  it  is  very  desirable  to  have  a  record  of  the 
actual  pressures  during  the  forward  stroke.  This  is  obtained  by  an 
instrument  called  an  Indicator,  which  is  placed  in  direct  communication 
with  the  cylinder,  and  gives  a  diagram  tracing  the  varying  pressures  on 
paper.  The  curve  traced  first  rises  abruptly,  marking  the  sudden  rise  in 
pressure  due  to  explosion  at  constant  volume,  and  then  falls  gradually 
with  decrease  of  cylinder  volume,  showing  how  the  pressures  slowly 
decrease  as  the  piston  is  driven  out.     To  exhibit  clearly  the  proportions 
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between  the  loss  of  heat  and  pressure  and  the  work  done  daring  the 
changes  in  the  gas,  two  theoretical  curves  are  used. 

1.  The  first  is  known  as  the  Isothermal,  and  signifies  from  its  name 
the  curve  of  equal  temperatures.  Here  the  piston  of  a  cylinder  moves 
out,  bj  the  expansion  of  the  gas  produced  hj  the  addition  of  heat,  and 
the  effect  of  the  expansion  is  represented  by  a  curve  in  which  the 
temperature  is  constant,  and  the  pressure  alone  falls.  It  has  been  proved 
that,  where  work  is  done  on  the  piston  by  a  gas,  the  temperature  must 
fall;  the  isothermal  curve,  therefore,  is  based  on  the  assumption  that 
heat  is  added  to  the  gas,  to  compensate  for  that  lost  in  expansion.  The 
curve  is  never  obtained  in  practice,  but  it  is  occasionally  approached 
when  the  process  of  expansion  in  a  heat  engine  is  reversed,  and  heat  is 
refunded  to  the  gas  by  compression.  In  either  case,  the  volume  of  the 
gas  varies  in  inverse  ratio  to  the  pressure. 

2.  The  Adlsbatio  is  another  theoretical  curve,  representing  the  fall 
in  temperature  when  heat  is  neither  added  to  nor  abstracted  from  the 
working  agent,  but  expended  only  in  doing  work  by  expansion  on  the 
piston.  The  term  is  derived  from  a  Greek  word  signifying  "impenetrable," 
and  was  first  applied  by  Rankine.  The  nearer  the  diagrams  of  pressure 
approximate  to  this  curve,  the  more  perfectly  will  the  engine  utilise  the 
heat  imparted  to  the  gas.  If  the  difference  in  the  specific  heat  of  a  gas 
at  constant  volume  and  at  constant  pressure  be  taken  as  representing  the 
heat  turned  into  work,  the  ratio  between  the 
two  is  graphically  shown  by  the  adiabatic 
curve.  Since  no  heat  is  added  or  withdrawn, 
the  temperatures  do  not  enter  into  the  defin- 
ition, and  the  curve  may  be  expressed  as  a 
function  of  volumes  and  pressures,  thus  j?  x  v 
is  constant,  or : — The  pressures  of  the  gas, 

multiplied   by   the  volumes,   raised   to   the 

-.,  ..       rxi-x  •£»     ^     J.        Fifi:-  114. — Graphic  Represen- 

power  of  the  ratio  of  the  two  specific  heats,        **,  ^.       -  ^  *^    ^,  t 
^  1  tation  of  Carnot  8  Law. 

give  a  constant  product. 

Camot's  Cyole. — Fig.  114  gives  a  graphic  representation  of  Carnot's 
law,  which,  plotted  out  in  the  shape  of  the  curves  just  described,  forms  a 
perfect  or  closed  cycle.  Here  the  working  agent,  after  passing  through 
the  phases  of  the  addition  of  heat,  expansion,  abstraction  of  heat  and 
compression,  is  brought  back  theoretically  to  its  original  condition.  The 
processes  of  heating  and  cooling  can  be  continuously  repeated,  or  the 
sequence  of  operations  reversed.  The  necessity  for  a  source  of  cold  is 
manifest.  If  the  working  agent  is  a  gas,  it  must  be  cooled  to  its  initial 
temperature,  and  this  cannot  be  accomplished  by  the  work  of  expansion 
alone.  It  has  hitherto  seldom  been  found  possible  in  any  engine  to 
allow  the  gases  to  expand  to  atmosphere,  and  thus  use  in  work  all  the 
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heat  generated  The  cycle  (Fig.  114)  U  formed  of  two  isothermal  and- 
two  adiabatic  carves,  and  shows  their  theoretical  forms  on  a  small  scale. 
The  gas  first  receives  heat  from  the  source  of  heat,  and  expands  along 
the  line  A  B  with  increase  of  volume.  As  the  temperature  is  not  allowed 
to  &11,  the  curve  is  an  isothermal.  From  B  to  C  there  is  another 
increase  of  volume.  The  gas  expands  without  the  addition  of  heat,  the 
temperature  falls  in  consequence  only  of  work  done,  and  this  line  shows 
the  curve  of  adiabatic  expansion.  At  C  communication  is  opened  with 
the  source  of  cold,  and  heat  is  supposed  to  be  withdrawn  along  the  line 
C  D  to  the  same  extent  as  it  was  added  from  A  to  B.  The  volume  is 
here  diminished,  and  the  line  0  D  is  again  isothermal.  From  D  to  A 
the  gas  is  compressed  without  heat  being  abstracted,  and  consequently 
increases  in  temperature,  in  proportion  to  the  work  done  upon  it. 
Compression  is  adiabatic,  and  at  the  end  of  the  cycle  the  gas  has  returned 
to  its  original  volume. 

Actuil  indicator  diagrams  of  gas  engines  do  not  usually  consist  of 
four  carves.  There  is  first  the  line  of  addition  of  heat,  nea;rly  vertical, 
then  the  expansion  line,  conforming  more  or  less  to  the  adiabatic,  and 
lastly  the  exhaust,  or  discharge  of  the  remaining  heat  to  the  cold  source, 
which  is  generally  nearly  horizontal.  (See  the  diagrams  of  the  various 
engines  given  in  several  places.) 

It  is  a  condition  of  the  Camot  cycle  that  heat  is  only  added  when 
the  gas  is  at  its  highest  temperature,  before  any  work  has  been  done, 
and  abstracted  at  its  lowest,  after  expansion.  Since  the  mechanical 
energy  obtained  is  in  strict  proportion  to  the  heat  imparted  to  the 
working  agent,  this  ideal  or  typical  cycle  furnishes  and  utilises  the 
largest  amount  of  heat.  Hirn,  the  great  French  savanty  says : — "  It 
must  be  evident  that  this  closed  cycle  has  been  designed  to  afford  a 
maximum  of  work.  The  heat  given  up  by  the  source  of  beat  has  been 
employed  solely  to  produce  work,  and  a  maximum  has  therefore  been 
obtained.  The  heat  sent  on  to  the  refrigerator  has  been  evolved  as 
economically  as  possible,  since  the  work  has  produced  no  variation  of 
temperature.  The  object  of  the  other  two  operations  (along  the  curves 
CD  and  DA)  has  been  solely  to  cause  a  fall  and  a  corresponding  rise 
in  the  temperatures  and  pressures.''  Thus  the  cycle  obtained  is  perfect, 
since  the  heat  supplied  from  the  source  of  heat  and  by  compression,  is 
equal  to  the  heat  expended  during  expansion  and  conveyed  to  the 
refrigerator.  Therefore  the  working  agent  or  gas  is  at  the  close  of  the 
cycle  in  the  same  condition — that  is,  at  the  same  temperature  and 
pressure — as  at  the  beginning.  Clearly  the  source  of  heat  and  the 
refrigerator  act  by  alternately  expanding  and  contracting  the  working 
agent  or  gas. 

Carnot's  Formula. — This  cycle  may  be  expressed  by  the  following 
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^ormula^  in  which  Q  represents  the  quantities  of  heat  supplied  by  the 
source  of  heat,  and  q  the  quantities  passed  on  to  the  source  of  cold,  or, 
in  other  words,  rejected  because  they  cannot  be  utilised.  T^  is  the 
absolute  highest,  and  T^  the  absolute  lowest  temperature,  and  E  what 
is  called  the  theoretical  efficiency  of  the  engine : — 

*On  this  theoretical  basis  the  heat  efficiency  is  calculated  between  the 
•highest  and  lowest  temperatures. 

Numerical  Example. — In  the  Atkinson  9  H.P.  engine,  tested  by 
•the  Committee  of  the  Society  of  Arts  in  1888,  the  temperature  of  the 
gases  (Fahr.)  on  entering  the  cylinder  was  567**  absolute  (T^),  and  their 
^temperature  at  the  moment  of  highest  explosion  2,990^  absolute  (T^). 
The  theoretical  formula  of  efficiency  if 


j;,T,-To,2,990--576°_ 

^  -  ""tT^  -        2,990- -^^^ 

The  student  will  here  be  inclined  to  ask  what,  in  this  simple  formula, 
becomes  of  the  ratios  of  specific  heats  at  constant  volume  and  pressure, 
the  coefficient  of  expansion,  and  the  other  complex  attributes  of  expand- 
ing gases  already  described.  They  are  here  expressed  in  their  simplest 
*forms,  and  nothing  is  taken  into  account  except  the  quantities  of  heat^ 
and  the  temperatures.  Now  the  temperatures  in  a  heat  engine  are, 
•except  the  initial  temperature  of  the  gases,  usually  deduced  from  the 
pressures  and  Tolumes.  It  is  in  making  these  calculations  that  the 
specific  heat  of  the  gases  under  different  conditions,  the  ratio  of  expan- 
sion to  increase  of  temperature,  and  other  modifying  circumstances 
haye  to  be  considered.  To  calculate  the  work  of  an  actual  engine  four 
-or  five  temperatures,  with  their  corresponding  variations  of  volumes 
and  pressures,  must  be  determined  and  calculated  from  experiment. 
The  above  formula  gives  the  method  of  calculation,  not  the  process  by 
which  it  has  been  arrived  at. 

Ideal  SfQ.cienc7. — Both  the  highest  and  lowest  temperatures,  T^ 
and  Tq,  in  a  heat  engine,  and  the  maximum  amount  of  work  which 
may  be  obtained  from  it,  are  restricted  within  certain  limits.  Even 
in  this  perfect  cycle,  it  has  been  proved  to  be  impossible  for  the  lowest 
temperature,  T^  to  fall  below  a  given  point.  The  highest,  T^,  is  almost 
as  rigidly  defined  by  the  phenomena  of  dissociation,  the  power  of  the 
castriron  cylinder  and  the  lubricant  to  resist  great  heat^  and  other 
circumstances.  A  perfect  engine,  therefore,  is  not  one  giving  unlimited 
expansion,  and  100  per  cent,  of  work,  but  one  which  turns  all  the  heat 
supplied  to  it  between  the  limits  T^  and  Tq  into  work.  This  is  its 
maximum  utilisation  of  heat,  or  what  is  called  the  ''  ideal  efficiency  "  of 
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the  engine,  which  we  wiU  now  compare  with  the  practical  efficiency, 
or  the  amount  of  heat  a  working  engine  can  actually  convert  into 
motive  power. 

To  obtain  the  highest  efficiency,  an  ideal  engine  must  be  supposed 
to  work  with — 1.  A  perfect  gas,  the  volumes  and  pressures  of  which 
conform  to  the  laws  of  Boyle  and  Gay-Lussac.  A  study  of  the  chemical 
constituents  of  gases,  and  their  action  during  combustion,  shows  that  this 
conformity  is  never  obtained  in  the  cylinder  of  a  gas  engine.  2.  No 
friction  of  the  working  parts.  Friction  generates  heat,  and  heat  we 
know  is  the  equivalent  of  energy.  Part,  therefore,  of  the  mechanical 
energy  of  the  motor,  which  in  an  ideal  engine  cannot  be  taken  into 
account,  is  absorbed  to  produce  this  heat.  3.  No  radiation  or  conduction 
of  the  heat  through  the  walls  of  the  cylinder  containing  the  gas.  Of 
course,  it  is  impossble  to  have  a  vessel  of  this  nature — that  is,  an 
absolute  non-conductor  of  heat.  As  soon  as  the  gas  is  at  a  higher 
temperature  than  the  surrounding  atmosphere,  a  certain  portion  of  the 
heat  must  be  transmitted  by  radiation  to  the  colder  external  air.  4. 
Lastly,  expansion  must  be  prolonged  till  the  temperature  and  pressure 
of  the  gases  is  the  same  as  at  admission.  This  is  also  impossible.  The 
temperature  of  the  gases  is  always  much  higher  than  T^,  and  therefore 
much  heat  is  discharged  at  exhaust. 

Other  Cyoles. — In  the  diagram  shown  at  Fig.  114  the  curves 
A  B  C  D  enclose  an  area  representing  not  only  the  heat  supplied,  but 
the  amount  of  work  done  by  a  heat  engine.  The  curves,  and  therefore 
the  shape  of  the  area,  may,  however,  vary  according  to  the  way  in  which 
the  heat  is  supplied  to,  and  withdrawn  from,  the  engine,  or  according  to 
the  expansion  and  compression  of  the  charge.     Figs.  115  and  116  repre- 


Fig.  115. — Stirling  Cycle-— Constant  Fig.  116. — Ericsson  Cycle— Con- 

Volume,  stant  Pressure. 

sent  two  other  theoretical  cycles  known,  the  first  as  Stirling's,  the  second 
as  Ericsson's.  Though  the  curves  are  here  of  different  lengths,  they 
are,  like  those  forming  Carnot's  cycle,  theoretically  perfect,  and  form  the 
boundaries  of  an  equal  area.  Heat  is  added  in  both  cycles  from  D  to  A, 
and  abstracted  from  B  ^o  0,  and  these  lines  are  designated  by  Professor 
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^Wits  "  iaodiabatio,''  or  lines  of  equal  transmisBion  of  heat.     The  carves 
JL  B  and  C  D  are  no  longer  adiabatio,  bat  isothermaL     The  first  repre- 
sents the  whole  of  the  asefal  conversion  of  heat  into  work  at  constant 
temperature ;  in  the  second  the  heat  is  refunded,  and  the  same  amount 
restored  to  the  gas  by  compression  as  was  expended  in  work.     The  lines 
S  0  and  D  A  are  straight,  parallel  in  the  one  case  to  the  vertical  line, 
called  an  ordinate,  at  the  left  hand  of  Fig.  115,  and  in  the  other  to  the 
horizontal  line  (abscissa)  at  the  bottom  of  Fig.  116.     The  areas  enclosed 
^within  these  curves  form  the  bases  of  calculation  of  all  diagrams  repre- 
flenting  work  done  in  any  heat  engine.     The  ordinates  in  such  a  diagram 
are  in  proportion  to  the  pressure  in  the  cylinder,  the  abscisss  to  the 
length  of  stroke. 

The  horizontal  lines  in  these  figures  represent  the  volumes  of  the 
cylinder.  Along  this  line  the  piston  may  be  said  to  travel,  driven  for- 
ward by  the  expanding  force  of  the  gas,  and  the  farther  it  moves  to  the 
right  the  larger  the  cubic  area  of  the  cylinder  exposed.  If  the  piston  is 
moved  half  way  along  the  horizontal  line,  half  the  volume  of  the  cylinder, 
reckoning  from  the  dead  point,  will  be  uncovered  by  it.  The  horizontal 
line  in  an  indicator  diagram,  therefore,  represents  volames  of  the  cylinder 
or  lengths  of  stroke,  and  distances  along  it  are  calculated  in  feet  or 
metres.  The  vertical  line  in  the  figures,  and  in  indicator  diagrams  of 
heat  engines,  represents  the  pressure  of  the  gas  obtained  by  the  addition 
of  heat,  and  is  usually  divided  into  sections  reckoned  as  so  many  lbs. 
pressure  per  square  inch  of  piston  surface.  So  that  we  get  horizontally 
/eetf  and  vertically  lb8,y  or  feet  x  lbs.  =  work  in  proportion  to  area  of 
diagram. 

Indicator  Diagrams.— It  will  make  the  study  of  the  heat  engine 
easier  to  the  student  if  we  describe  here  how  an  actual  indicator  diagram 
is  taken,  and  the  kind  of  instrument  used  to  trace  it.  The  same  type  of 
apparatus  is  employed  in  gas,  oil,  and  steam  engines.  It  consists  of  a 
small  piston  and  cylinder  in  direct  communication  with  the  inside  of  the 
motor  cylinder;  the  piston  is  forced  up  or  down  with  the  varying 
internal  pressures  produced  by  the  expansion  of  the  gas.  To  the  upper 
part  of  this  piston  is  attached  a  small  pencil.  A  drum  covered  with 
paper  is  made  to  travel  to  and  fro  at  the  same  relative  speed  as  the 
motor  piston.  The  apparatus  is  so  arranged  that  as  the  drum  moves 
horizontally,  the  pencil  of  the  indicator  piston  moves  vertically.  The 
pencil  goes  up  and  down  in  proportion  to  the  cylinder  pressures  (lbs.) 
and  the  paper  travels  to  and  fro  in  proportion  to  the  stroke  (ft.).  These 
two  movements  are  brought  in  contact,  and  the  pencil  traces  a  diagram 
on  the  paper  (see  Fig.  122,  p.  309).  The  vertical  lines  of  this  diagram 
represent  lbs.  pressure  per  square  inch  on  the  piston  surface,  and  the 
horizontal  lines  feet  travelled  through  by  the  piston. 
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The  pressures  and  the  volumes  of  a  gas  being  known  from  the 
indicator  diagram,  the  temperatures  are  usually  calculated  from  them. 
To  determine  these  temperatures  in  a  gas  engine  is,  however,  a  difficult 
process,  because  many  scientific  men  are  of  opinion  that,  at  the  moment 
of  explosion,  the  gases  in  the  cylinder  are  not  at  a  uniform  temperature 
throughout.  In  the  two  closed  cycles  given  in  Figs.  115  and  116  the 
lines  of  addition  and  abstraction  of  heat,  D  A  and  B  0,  are  in  the  first 
figure  parallel  to  the  pressures,  in  the  other  to  the  volumes.  This  means 
that  in  Fig.  1 15  the  heat  is  supposed  to  be  added  from  the  source  of  heat 
and  withdrawn,  while  the  volume  remains  constant,  and  the  piston 
stationary  at  either  end  of  the  cylinder.  In  Fig.  116  the  heat  is  added 
and  abstracted  while  the  pressure  of  the  gas  remains  constant,  the  piston 
being  forced  out,  and  the  volume  of  the  cylinder  increased.  More  heat 
must  be  added  for  a  given  rise  of  temperature  than  in  the  other  case, 
because  a  certain  amount  is  expended  in  driving  the  piston.  The  two 
figures  exhibit,  under  another  form,  the  ratios  of  specific  heat  at  constant 
volume  and  at  constant  pressure. 

It  is  from  the  indicator  diagram,  therefore,  or  diagram  of  pressures, 
that  it  is  possible  to  know  theoretically  how  much  heat  enters  an  engine 
(Q)  and  how  much  leaves  it  (q),  and  to  determine 

Efficiency  =  E  =  ^^. 

But  this  formula  will  not  express  the  actual  work  done,  or  at  least 
the  determination  of  Q  and  q  will,  under  these  conditions,  be  a  matter  of 
great  difficulty.  Some  of  the  various  deficiencies  in  the  cycle  of  a  work- 
ing engine  have  already  been  mentioned.  There  has  hitherto  always 
been  a  wide  discrepancy  between  the  theoretical  possibilities  of  a  heat 
motor,  and  the  actual  results.  To  discover  the  reason  of  this  difference, 
complete  investigations  and  experiments  are  necessary.  Not  only  do  we 
need  to  know  the  total  amount  of  heat  supplied  to  an  engine,  and  what 
becomes  of  it,  but  how  and  when  the  heat  is  added.  Science  has  already 
done  much  to  elucidate  the  first  point ;  our  knowledge  of  the  second  is 
still  somewhat  elementary. 

Entropy  and  Entropy  Diagrams. — The  following  account  of  this 
abstruse  subject  is  taken  from  an  article  by  the  author  in  Engineering j 
3rd  January,  1896,  forming  part  of  a  translation  of  a  paper  by  Professor 
J.  Boulvin,  of  Ghent  University  : — 

In  the  calorimetric  study  of  an  engine,  the  exchanges  of  heat  taking 
place  between  the  fiuid  and  the  internal  walls  of  the  cylinder  should  be 
determined,  and  for  this  process  the  graphic  method  will  be  found  of 
great  use.  For  instance,  the  heat  supplied  to  the  cylinder  being  repre- 
sented by  a  given  area,  the  latter  may  be  divided  into  several  parts,  (me 
of  which  will  represent  the  heat  converted  into  work  on  the  piston, 
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another  the  heat  given  up  to  the  walls,  or  dissipated  in  other  ways,  and 
thns  a  kind  of  graphic  heat  balance  is  obtained.  If  the  heat  not  utilised 
in  work  be  further  subdivided  into  its  component  parts,  or  into  loss  of 
heat  due  to  the  water  jacket,  to  the  eidiaust^  and  to  radiation,  it  will  be 
possible  to  show  exactly  how  the  heat  supplied  to  the  engine  has  been 
expended. 

The  indicator  diagram,  which  gives  changes  of  pressures  and  volumes, 
cannot  be  used  for  this  purpose,  since  the  area  thus  obtained  marks  only 
the  work  done  on  the  piston.  To  show  the  movements  of  heat,  they 
must  be  converted  by  calculation  into  mechanical  energy  for  each  portion 
of  the  stroke,  and  this  is  the  way  in  which  the  subject  has  lately  been 
treated  by  various  scientific  authorities.  The  new  system  furnishes  a 
direct  graphic  representation  of  the  heat  supplied  to  a  body,  by  taking 
temperature  and  entropy  as  the  characteristics  of  its  condition.  For 
ordinary  purposes,  it  will  be  sufficiently  clear  if  the  following  explanation 
of  the  term  "  entropy  *'  be  accepted  : — 

Let  us  suppose  that  an  infinitesimal  quantity  of  heat^  (i  Q,  is  supplied 
to  a  body  at  the  absolute  temperature  T ;  the  increase  of  entropy  in  this 

body  is  defined  as  -7^^,  or  entropy  multiplied  by  absolute  temperature 

equals  the  number  of  calories.     Thus   ^is^  may  be  considered  as  a  weight 

which,  falling  from  the  height  T,  will  produce  the  euergy  d  Q,  8i^ce 

"Tp^  +  T  =  c?  Q.     If  the  increase  or  successive  additions  of  -^  be  plotted 

as  abscissae,  and  the  different  absolute  temperatures  T  as  ordinates,  a 
curve  will  be  obtained,  the  area  of  which  will  represent  the  sum  of  all  the 
elements  d  Q — that  is,  the  heat  supplied.  The  movements  of  beat  can  be 
deduced  from  the  particular  form  of  the  curve  thus  obtained.  Thus  if 
the  fluid  studied  is  the  mixture  of  gas  and  air  expanding  in  a  cylinder, 
the  curve  will  show  by  its  shape  if  the  heat  is  passing  from  the  mixture 
to  the  walls,  or  in  the  reverse  direction. 

An  example  of  the  entropy  diagram,  as  applied  to  a  gas  engine,  taken 
from  Professor  Boulvin's  book,*^  is  given  at  Fig.  117.  It  is  a  diagram  of 
Entropy,  or  Heat,  worked  out  from  the  Society  of  Arts'  Trials,  1888,  on 
a  Crossley-Otto  engine,  and  should  be  compared  with  the  indicator 
diagram  at  p.  94.  The  latter,  sometimes  called  the  p  1;  diagram,!  is 
necessary  to  get  the  I.H.P.,  and  upon  it  and  other  data  the  entropy 
diagram  is  based,  but  the  I.H.P.  diagram  gives  no  results  for  exchanges 
-of  heat  and  temperature,  which  are  so  important  to  investigate,  and  it  is 
not  a  complete  index  of  what  takes  place  in  an  engine  cylinder.     Thp 

*  (7our8  dt  MScanique  Appliqy4e,  voL  iii.,  p.  173  (ifacAtnM  Thermiqwa), 
tp  v — I.e.,  pressTires — ^volumes. 
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ureft  of  tax  entropy  diagram  gives  thermal  unita.  For  the  method  of 
dr&iring  it  >ee  the  paper  already  referred  to,  and  M.  Boulvin's  book,  vol. 
iii.,  p.  41.  Captain  Sankey  determines  each  point  from  the  intersection 
of  the  lines  of  eqnal  pressure  and  eqoal  Tolame,    The  term  "  entropy  ** 

was  first  adopted  by  Claasias  to  denote  the  integral    ^  .     Themethod  of 

drawing  entropy  diagrams  is  first  claimed  for  M.  Belpaire  in  1872,  and 
is  described  by  Scbiittler  (p.  109),  who  lays  dovn  clearly  the  difference 
between  the  dia^crams  of  heat  and  of  pressure,  and  by  Professor  Zeuner. 
In  England  the  subject  has  been  treated  by  Mr,  Macfarlane  Gray,  who 
call«  entropy  the  i  ^  diagram.*     Professor  Stodota  says  that  by  means  of 


/C-Ur^<  ~3-9€  B.T-U 


Fig.  117. — Entropy  Di&gnm. 

a  properly  constructed  entropy  diagram,  all  questions  having  re(i»renoe  to 
the  cycle  in  gas  engines  can  be  solved  easily  and  quickly  by  the  graphs 
method,  and  with  sufficient  accuracy  for  practical  purposes.  To  th* 
engineer  it  affords  the  best  w&y  of  handling  the  science  of  thenno- 
dynamics.  German  scientists  have  derived  from  it  a  new  word,  namely^ 
"  heat  toning,"  which  may  be  described  aa  the  excess  of  energy  set  tt« 

*  See  Proceeding*  qftJie  InttUution  of  Medtanieai  Enginter*,  July,  1SS9. 
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by  chemical  combination,  the  final  products  being  cooled  to  the  same 
temperature  as  the  original.  The  tones  of  heat  may  best  be  determined 
by  studying  a  cycle  of  combustion  at  constant  volume. 

IfoU. — ^Although  this  chapter  is  headed  "  Theory  of  the  Gas  Engine/' 
it  practically  applies  equally  to  engines  driven  with  oil  vapour,  spirit^ 
alcohol,  or  any  other  forms  of  internal  combustion  motors.  All  these 
work  in  the  same  way  as  gas  engines,  the  only  difference  being  the  agent 
of  heat  furnishing  the  explosive  power. 
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CHAPTER  XIV. 

THE  CHEMICAL  COMPOSITION  OF  GAS  IN 

ENGINE  CYLINDERS. 

Contents.  —Atoms  and  Molecules — Chemical  Symbols — Atomic  Weights — Molecular 
Weights— Specific  Heat — Chemical  Equations — Heating  Value  of  Gas — Calori- 
meters— Berthelot-Mahler — Junkers — Higher  and  Lower  Heating  Value  of  Gkas 
in  a  Calorimeter — Composition  of  Coal  Gas — Calorific  Value  of  Coal  Gas  and  of 
other  Crases — Composition  of  Power  Gases. 

In  the  preceding  chapter  we  have  seen  that  a  gas  engine  is  simply  one 
form  of  heat  engine,  and  that  its  object  is  to  transform  heat  into  work 
through  the  medium  of  gas — the  working  agent.  We  now  want  to 
know,  further,  how  this  process  is  carried  on  with  maximum  efliciencj, 
so  that  the  largest  possible  proportion  of  the  whole  heat  we  add  to  the 
Agent  may  be  converted  into  useful  work. 

We  must,  therefore,  examine  more  closely  into  the  nature,  composi- 
tion, and  specific  properties  of  the  gas  employed. 

The  object  of  this  chapter  is  to  determine — 

1.  What  coal  gas  is  ; 

2.  How  much  air  is  required  to  bum  it ; 

3.  How  much  heat  is  given  out  during  combustion,  and  carried  away 
Iby  the  residual  gases. 

As  the  nomenclature  adopted  by  chemists  renders  the  treatment  of 
the  problem  of  combustion  of  gases  very  simple,  it  will  be  convenient  to 
Ibegin  with  a  brief  explanation  of  its  main  principles. 

Atoms  and  Moleoules. — ^All  apparently  homogeneous  substances 
are  composed  of  extremely  small  particles,  called  molecules,  which,  for 
any  given  substance,  have  the  same  weight. 

These  molecules,  which  are  the  smallest  particles  of  the  substance 
which  can  exist  in  the  free  state,  are,  in  general,  composed  of  still 
smaller  particles,  called  atoms.  If  all  the  atoms  in  the  molecules  are 
identical,  the  substance  is  known  as  an  element,  inasmuch  as  in  this  case, 
it  is  not  possible  to  break  it  up  into  two  or  more  distinct  bodies.  If,  on 
the  other  hand,  two  or  more  dififerent  kinds  of  atoms  exist  in  the  mole- 
<}ules,  it  is  known  as  a  compound. 

The  fundamental  law  upon  which  chemistry  at  the  present  day  is 
•based,  first  enunciated  by  Avogadro,  is — "  Equal  volumes  of  gases  (under 
■the  same  conditions  of  temperature  and  pressure)  contain  equal  numbers 
•of  molecules.'' 
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Tbere  is  another  waj  of  stating  this,  which  is  sometimes  nsefdL 
Take  a  cnhio  foot  of  any  gas,  say  oxygen,  at  a  fixed  temperature  and 
under  a  fixed  pressure.  It  contains  n  molecules,  where  n  is  a  very  large 
namber,  only  roughly  known,  and  the  exact  value  of  which  is  not 
required  here.     The  average  epaee  occupied  by  a  molecule  of  oxygen  then 

is  -  cable  feet.      This  is  called  the  "molecular  volume"  of  oxygen. 

Now,  since  the  same  volume  of  any  other  gas,  say  hydrogen,  by  the  law 
first  enunciated,  also  contains  n  molecules,  its  molecular  volume  is  also- 

—  cubic  feet.     Hence,  another  way  of  stating  Avogadro's  law  is — "  All 

gases  have  the  same  molecular  volume." 
To  resume  then — 

1.  All  atoms  of  the  same  element  have  the  same  weight. 

2.  All  molecules  of  the  same  compound  have  the  same  weight  and  the 
same  volume. 

Chemical  Symbols.  —  As  an  abbreviation  for  one  atom  of  an 
element,  the  first  letter  or  first  two  letters  of  the  word  is  used ;  thus, 
C  stands  for  an  atom  of  carbon,  H  for  an  atom  of  hydrogen,  O  for  an 
atom  of  oxygen,  N  for  nitrogen,  S  for  sulphur,  and  so  on.  Two  letters 
placed  together  represent  a  molecule  of  a  compound ;  thus,  CO  denotes 
one  molecule  of  the  compound  carbonic  oxide  (carbon  monoxide),  formed 
by  the  combination  of  one  atom  of  carbon  0  and  one  atom  of  oxygen  O. 
Similarly,  COj  denotes  a  molecule  of  the  compound  carbonic  acid 
(carbon  dioxide),  containing  three  atoms,  one  of  carbon  and  two  of 
oxygen.     2CO2  denotes  ttvo  molecules  of  carbon  dioxide. 

Atomic  Weights. — Now,  the  acttud  weights  of  the  atoms  are  exces- 
sively minute,  and  cannot,  with  our  present  means,  be  determined. 
But  the  relative  magnitude  of  the  weights  of  the  atoms  of  the  various 
elements  can  be,  and  has  been,  determined  with  very  considerable 
accuracy.  It  is  customary  to  take  the  weight  of  one  atom  of  hydrogen 
as  unity;  and  the  values  for  ''atomic  weight"  found  in  works  on 
chemistry,  represent  the  weights  of  the  atoms  of  the  various  elementa 
relative  to  it. 

All  the  gaseous  elements  dealt  with  here  contain  two  atoms  in  each 
molecule.  Thus,  Hg,  N2,  Og  are  the  molecular  formulse  for  the  elementary 
gases — hydrogen,  nitrogen,  oxygen,  respectively.  From  this,  and  with 
Avogadro's  law,  it  is  easy  to  find  ^he  atomic  weights  of  nitrogen  and 
oxygen.  It  is  found  that  1  cubic  foot  of  hydrogen  weighs  '005591  lb. 
under  standard  conditions  of  pressure  and  temperature,  1  cubic  foot  of 
oxygen  weighs  '089456  lb.,  and  of  nitrogen,  under  the  same  conditions, 
'07828  lb.  These  numbers  are  in  the  ratio  of  1:16: 14.  Hence,  if 
nHj  =  1  unit  of  weight,  by  Avogadro*s  law  the  same  number  nOg  =16- 
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units  of  weight,  and  nN^  =14  units  of  weight — ue,,  the  atomic  weights 
of  hydrogen,  oxygen,  and  nitrogen  are  as  1 :  16  :  14.  The  only  atomic 
weights  required  in  this  chapter  for  gas  engines  are : — 


Table  of  ATomc  Weights. 


Slflment. 

Hydrogen. 

Ozjgeii. 

Nitrogen. 

Carbon. 

Sulphur. 

Symbol, 

1 

Weight   of   atom   {m\ 
round  nnmberB),      .  / 

H 

1 

0 
16 

N 
14 

C 
12 

S 
32 

Moleoular  Weights. — The  ''molecular  weight" — 1.0.,  the  total 
weight  of  each  molecule,  when  the  hydrogen  atom  is  the  unit  of  weight — 
is  obtained  by  simply  adding  together  the  weights  of  its  constituent 
atoms.  Thus  the  mc^ecular  weight  of  hydrogen,  Hg,  is  2 ;  of  oxygen, 
Oj,  is  32 ;  of  carbon  monoxide,  CO,  12  +  16  s=  28 ;  of  marsh  gas, 
OH^  12  +  (1  X  4)  =>  16.  Hence,  the  weight  of  1  cubic  foot  of 
hydrogen  being  '00559  lb.,  that  of  a  cubic  foot  of  carbon  monoxide  is 
/16+J2\  ^  14  ^  .QQ559 .  q£  ^^^^  g^^  /^  +  12\  ^  g  ^  ^^^^^^  ^  ^^ 

so  on  for  any  other  gas.     The  weight  of  a  cubic  foot  of  any  gas  is  thus 
determined  directly  its  formula  is  known. 

Speoiflo  Heat. — If  a  quantity  of  heat  is  added  to  a  gas  it  may  result 
in  an  increase  of  pressure,  temperature,  or  volume,  or  in  an  increase  of 
all  threa  Thus,  there  may  be  several  ''specific  heats."  The  only  two 
generally  used  are : — 

(1)  The  specific  heat  at  constant  volume,  which  is  defined  as  the 
number  of  units  of  heat  required  to  raise  the  temperature  of  the  unit 
weight  of  gas  through  1°,  the  volume  of  the  gas  remaining  constant;  and 

(2)  The  specific  heat  at  constant  pressure,  where  the  gas  is  allowed  to 
do  work  by  expanding. 

Of  these  the  former,  which  is  obviously  the  smaller  number,  is  some- 
times termed  the  "true  specific  heat,"  all  the  heat  going  in  this  case  to 
increase  the  internal  energy  of  the  gas. 

For  the  elementary  gases,  hydrogen,  oxygen,  and  nitrogen,  and  also 
for  carbonic  oxide,  it  is  found  that  the  amount  of  heat  required  to  raise 
equal  volumes  through  1**  is  very  nearly  the  same;  or,  in  other  words, 
that  the  specific  heat  x  molecular  weight  =  constant.  It  is  also  found 
that  the  specific  heats  are  nearly  independent  of  the  temperature,  tending 
only  to  increase  very  slightly  with  it.  For  the  more  complicated  mole- 
cules, such  as  marsh  gas,  CH^,  ethylene,  CgH^,  &c.,  which  occur  in  coal 
gas,  neither  of  these  relations  hold,  the  amount  of  heat  required  to  raise, 
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«ay,  1  cubic  foot  of  ethylene  through  1"  F.  is  sensibly  different  from  that 
required  to  raise  the  same  volume  of  air  through  1**  F.,  and,  further,  the 
specific  heat  increases  more  rapidly  with  the  temperature. 

The  table  of  specific  heats  will  be  found  on  p.  273. 

Chemioal  BqnationB. — Chemical  equations  are  symbolic  representa- 
tions of  chemical  changes.  It  will  be  convenient  to  take  one  equation  as 
a  type,  and  explain  it  in  detail.     The  following  is  a  useful  example  : — 


CH< 

+ 

20j 

= 

COa 

+ 

2H3O 

(12  +  4) 

+ 

2(32) 

= 

(12  +  32) 

+ 

2  (2  +  16) 

Methane. 

Oxygen. 

Carbon  Dioxide. 

Steam. 

This  is  interpreted  as  follows : — Since  1  moUcuU  of  methane  combines 
with  2  molecules  of  oxygen,  it  follows,  by  Avogadro's  law,  that  1  volume 
of  methane  combines  with  2  volumes  of  oxygen,  giving  1  volume  of  car- 
bon dioxide  and  2  volumes  of  steam.  This  same  equation  also  expresses 
the  fact  that  16  lbs.  of  methane  require  64  lbs.  of  oxygen  for  complete 
combustion,  and  give,  as  the  resulting  products,  44  lbs.  of  carbon  dioxide 
and  36  lbs.  of  steam.  By  the  term  '*  complete  combustion  "  is  meant  that 
the  hydrocarbon  combines  with  the  maximum  possible  amount  of  oxygen, 
giving  carbon  dioxide  and  water  only  as  the  final  products. 

When  the  quantity  of  oxygen  required  for  the  combustion  of  each 
constituent  is  known,  the  next  step  is  to  determine  the  heat  evolved  by 
<x>mbn8tion.  As  this  heat  cannot  be  measured  in  the  cylinder  of  an 
engine,  the  calorimetric  value  of  the  gas  is  obtained  by  burning  it  in 
oxygen.  For  this  purpose  an  instrument  is  employed,  called  a  calori- 
meter. MM.  Favre  and  Silbermann  were  the  first  to  design  an 
apparatus  for  testing  the  heating  values  of  solid,  liquid,  and  gaseous 
faelii,  and  other  calorimeters  capable  of  greater  precision  have  since  been 
brought  out. 

Heating  Value  of  Gas. — The  amounts  of  heat  developed  by  the 
complete  combustion  of  the  various  carbon  compounds  contained  in  coal 
gas,  have  been  experimentally  determined  in  two  ways.  Firstly,  by 
burning  a  current  of  the  gas  in  question  in  oxygen  or  air  at  the  ordinary 
atmospheric  pressure ;  and,  secondly,  by  exploding  a  mixture  of  the  two 
gases  in  a  strong  steel  "  bomb." 

The  advantages  of  the  second  method,  which  was  first  used  by 
Andrews,  and  has  been  recently  employed  in  an  improved  form  by  M. 
Berthelot  and  M.  Mahler,  are  that  the  combustion  takes  place  at  constant 
volume,  and  that,  on  account  of  the  much  shorter  time  occupied  by  the 
reaction,  the  ''  corrections  for  cooling ''  of  the  calorimeter  are  very  much 
reduced. 

The  Berthelot-Mahler  bomb  calorimeter  is  now  largely  used  for  solid, 
and  often  for  liquid  fuels,  and  gives  excellent  results,  particularly  when 
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the  bomb  U  gilt  inside,  instead  of  haTing  an  enamel  lining.  It  is  not, 
bowerer,  soitable  for  gaaeons  fuels,  for  which  the  Junkers  calorimeter 
has  been  specially  designed,  and  is  now  ohiefly  employed,  both  in- 
England  and  abroad. 


JUNKERS  CALORIMETBR.  3S9 

Jankera  Calorimeter. — This  interesting  and  important  inatruEaent, 
designed  and  made  hj  Junkers,  of  Dessau,  is  almost  exolasivelf  lued  for 
measuring  the  heating  value  of  gases.  Up  to  the  present,  it  is  the  best 
calorimeter  produced  for  this  purpose ;  it  works  well,  and  is  verj  simple 
to  manipulate.     It  is  based  on  the  principle  of  the  rise  in  temperature  of 


Fig.  120. — Janksn  Gas  Calorimeter,  with  Gas  Meter,  kc. 

a  current  of  water  passing  round  a  jet  of  burning  gas,  the  heating  value 
of  which  it  is  desired  to  ascertain.  The  apparatus  is  shown  in  vertical 
and  horizontal  section  in  Figs.  118  and  119,  and  an  external  general 
view  of  the  whole  at  Fig.  120. 

It  consists  of  a  vertical  cylindrical  vessel  of  1*7  square  feet  heating 
snr&ce,  with  a  gas  burner  alight  in  the  centre,  connected  to  a  small  but 
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very  accurate  gas  meter  g  (Fig.  120).  A  Bunsen  burner  is  used  for  town 
gas,  or  for  other  gases  of  high  heating  value,  an  ordinary  metal  tube  for 
poorer  gases,  or  those  having  a  lower  heating  value.  The  size  of  the 
flame  is  regulated  in  inverse  proportion  to  the  quality  of  the  gas.  The 
oentral  nozzle  a  (Fig.  120)  is  connected  to  any  water  supply ;  6  is  an 
overflow  pipe,  the  discharge  from  which  should  be  visible,  but  need  not 
be  measured,  as  this  water  does  not  form  part  of  the  quantity  heated. 
The  cold  water  from  a  enters  the  calorimeter  at  the  bottom,  through  the 
regulating  cock  e,  and  passes  out  after  being  heated  at  the  top  at  c.  The 
temperatures  of  this  water,  in  and  out,  are  taken  by  very  accurate 
thermometers,  seen  in  Fig.  120.  A  third  delicate  thermometer  gives  the 
temperature  of  the  products  of  combustion  from  the  gas  jet,  and  a  fourth 
that  of  the  gas  in  the  meter  g.  The  water  produced  by  combustion 
(pipe  35,  Fig.  119)  runs  into  the  small  glass  vessel  d  (Fig.  120).  This 
water  of  condensation  plays  an  important  part  in  determining  the 
"  higher  "  or  '*  lower  "  heating  value  of  the  gas,  and  it  is  therefore  neces- 
sary to  measure  it  carefully.  It  is  produced  by  the  combination  of  the 
hydrogen  in  the  burning  jet  with  the  oxygen  of  the  air,  to  form  steam. 
In  the  calorimeter  the  latter  is  condensed,  and  gives  up  its  latent  heat. 
At  y*  is  a  cock  which  should  be  turned  on  for  a  few  seconds  before 
beginning  a  test,  to  allow  water  and  air  to  come  out,  so  that  no  air 
may  remain  in  the  pipes.  To  diminish  radiation,  the  calorimeter  is 
surrounded  by  a  jacket  of  air. 

To  make  a  calorimetric  determination  of  a  gas,  water  is  first  run  from 
a  into  the  outer  cylinder  of  the  instrument,  outside  the  vertical  smoke 
tubes,  until  it  escapes  at  the  top  at  c.  The  gas  is  then  turned  on  and 
lighted  at  the  burner,  and  the  jet  introduced  into  the  calorimeter,  as 
seen  at  Fig.  118.  The  size  of  the  flame,  or  the  quantity  of  gas  passing  to 
it,  is  carefully  adjusted  by  the  cock  22  (Fig.  118)  in  accordance  with  the 
capacity  of  the  calorimeter  for  absorbing  heat,  and  kind  of  gas  burnt. 
Air  to  feed  the  gas  jet  enters  at  the  bottom  of  the  vessel,  as  shown  by 
the  arrows  (Fig.  118).  The  products  of  combustion  ascend,  and  then 
pass  downwards  through  48  copper  tubes,  each  ^^  inch  internal  diameter 
and  ll^inches  long  (No.  30,  Fig.  119)  and  go  to  waste  at  30  (Fig.  118). 
The  circulating  water  travels  vertically  upwards,  the  hot  gases  descending 
in  the  contrary  direction.  The  quantity  of  cold  water  is  regulated  by 
cock  e,  and  the  heated  water  measured  in  the  cylindrical  graduated  glass 
vessel  shown  to  the  right  in  Fig.  120.  By  varying  the  quantity  of  water 
ipassing  to  e,  before  beginning  an  experiment,  the  difference  in  tempera- 
ture is  approximately  determined  between  the  water  at  the  outlet  and 
inlet  (in  ordinary  cases  a  difference  of  10"  to  20"*  0.  is  preferable).  This 
•constitutes  the  main  principle  of  the  instrument,  which  consists  in 
regulating  the  position  of  the  cock  e  in  such  a  way  that  the  quantity 
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«f  cirealating  water  admitted  should  absorb  all  the  heat  given  oat  by  the 
burning  gas,  so  that  the  products  of  combustion  are  discharged  practically 
at  atmospheric  temperature.  The  heating  surface  is  sufficient  for  this 
purpose,  if  all  is  properly  adjusted,  and  the  cocks  for  water  and  gas 
oarefnlly  manipulated.     For  oils  a  special  burner  is  used. 

The  lbs.  of  water  per  minute,  its  rise  in  temperature  while  passing 
through  the  calorimeter,  and  the  cubic  feet  of  gas  burnt  per  minute  being 
known,  the  heating  value  of  the  gas  in  T.U.  per  cubic  foot  is  calculated 

by  the  following  formula : — 

„^WT 
H-  ^-, 

in  which  H  is  the  heating  value,  W  the  lbs.  of  circulating  water  as 
measured,  T  the  rise  in  temperature  of  the  circulating  water  in  degrees 
F.,  and  G  the  cubic  feet  of  gas  at  the  temperature  and  pressure  of  the 
room.  In  other  words,  the  heating  value  of  the  gas  (in  T.U.  per  lb.) 
multiplied  by  the  cubic  feet  of  gas  burnt^  is  equal  to  the  weight  of  circu- 
lating water  multiplied  by  its  rise  in  temperature. 

Kumexloal  Example. — 

Let  W  =    6*65  lbs.  per  minute, 
T  =  32*6  degrees  F., 
G  =    0  .353  cubic  feet ;  then 

„,   ,      6-65  lbs.  X  32^  F-      aiarrn  v    *    ^ 

^  <*>  =    0-353  cnUo  foot   =  ^^^  ^'^'  ^"^  *^^^'^  ^^^ 

Sigher  and  Lower  Heating  Value. — A  difference  of  opinion 
prevails  in  France  and  G^ermany  upon  the  definition  of  the  term  ''  heat- 
ing value  of  a  gas,"  and  whether  in  a  calorimeter  the  latent  heat  of  the 
water  formed  by  combustion  should  be  taken,  in  calculating  the  heat 
given  to  a  gas  engine.  The  heating  value  of  a  gas  is  generally  deter- 
mined in  a  Junkers  calorimeter,  in  which  combustion  and  cooling  of  the 
products  are  carried  out  at  atmospheric  pressure.  The  initial  tempera- 
ture of  the  charge  and  the  final  temperature  of  the  gases  of  combustion 
are  usually  calculated  at  18*  C,  equal  to  64°  F.  All  the  water  produced 
by  combustion  in  the  calorimeter  is  condensed,  except  the  small  portion 
absorbed  by  the  burnt  products,  which,  if  any  excess  of  water  is  present, 
are  thoroughly  saturated  when  discharged.  If  the  gas  and  air  forming 
the  charge  are  dry  when  admitted,  all  the  moisture  required  to  saturate 
the  products  must  come  from  the  water  produced  by  combustion,  and 
about  1  per  cent,  of  the  total  heat  of  the  cycle  will  be  withdrawn  for  this 
purpose.  But  if  the  gas  and  air  are  not  dry,  the  moisture  they  contain 
will  be  sufficient  to  saturate  the  products.  In  this,  the  usual  case  in 
practice,  the  water  produced  by  combustion  is  condensed,  and  sometimes 
even  part  of  the  moisture  in  the  gas  and  air  entering  the  calorimeter,  so 
that  the  exhaust  products  are  drier  than  the  initial  charge. 
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The  heat  given  to  the  calorimeter  during  complete  combustion  at. 
atmospheric  pressure  and  64^  F.,  all  the  water  produced  by  combustion 
and  the  steam  formed  being  condensed,  is  known  as  the  *'  higher  heating 
value."  The  "  lower  heating  value "  signifies  the  same  quantity  of  heat 
generated  under  the  same  conditions,  but  the  water  produced  by  combus- 
tion in  the  calorimeter  is  assumed  to  be  present  as  superheated  steam — 
that  is,  as  a  gas,  and  not  condensed,  and  the  heat  is  latent.  To  gasify 
this  water  600  calories  per  kilogramme,  or  1,080  B.T.U.  per  lb.,  are 
required,  and  therefore  the  ^*  lower  heating  value  "  is  obtained  by  de- 
ducting this  quantity  of  heat  from  the  "  higher  heating  value  "  for 
every  lb.  of  water  produced  by  the  combustion  of  1  lb.  of  gas. 

In  Germany,  England,  America,  and  other  countries,  the  loioer  heat- 
ing value  is  always  used  in  calculating  the  heat  efficiency  of  a  gas 
engine,  because  it  is  assumed  that  all  the  water  vapour  generated  during 
combustion  is  converted  into  steam  when  leaving  the  engine.  Therefore 
its  corresponding  heat  of  condensation  will  be  latent  and  not  sensible, 
and  cannot  be  reckoned  as  heat  given  to  the  cycl&  In  France  the  higher 
heating  value  is  taken  as  the  basis  of  calculation,  especially  by  Professor 
Witz,  who  maintains  that  it  is  a  defect  in  gas  engines  that  this  latent 
heat  of  condensation  of  the  water  vapour  cannot  be  utilised  to  produce 
work,  as  in  a  steam  engine.  As  the  lower  heating  value  of  lighting  gas 
is  sometimes  10  per  cent,  less  than  the  higher,  if  this  latent  heat — 
namely,  that  absorbed  to  gasify  the  water- — is  left  out  of  account,  the 
efficiency  of  the  gas  engine  will  be  increased  by  about  10  per  cent. 

In  all  experiments  in  which  the  heat  efficiency  of  an  engine  is  calcu- 
lated, it  should  always  be  stated  which  of  these  two  values  has  been 
taken.  Thus  the  heating  value  of  the  oil  used  in  the  trial  of  the  Diesel 
motor  at  Augsburg  was  10,935  calories  per  kilo.,  equal  to  19,683  B.T.U. 
per  lb.,  including  the  latent  heat  set  free  in  the  calorimeter  by  condensa- 
tion, and  18,271  B.T.U.  per  lb.,  excluding  the  latent  heat.  In  this  case 
3*7  grammes  of  water  were  formed  per  kilo,  of  oil  burnt ;  difference 
between  the  two  heating  values,  7 '8  per  cent.  In  the  Cambridge  oil 
engine  trials  the  heating  value  of  the  oil,  not  deducting  the  latent  heat  of 
the  water  condensed,  was  19,899  B.T.U.  per  lb.  'Corrected  for  the  latent 
heat  absorbed  to  convert  this  water  into  steam,  the  value  was  18,563 
B.T.U.  per  lb. ;  difference  7 '4  per  cent.  The  latter  was  the  value  taken 
during  the  trials.  In  the  tests  on  Dowson  gas  at  the  B&le  Water  Works 
by  Professor  Meyer,  the  calorific  value  of  the  gas  used  was  1,202  calories 
per  cubic  metre,  equal  to  134*62  B.T.U.  per  cubic  foot,  the  water  vapour 
being  taken  as  wholly  converted  into  steam  in  the  cylinder,  and  144 
B.T.U.  per  cubic  foot,  not  deducting  the  latent  heat  of  the  steam  ;  differ- 
ence 5*2  per  cent.  The  heat  efficiency  in  the  French  experiments  is- 
always  lower  than  that  calculated  in  other  countries. 
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The  following  table  (from  Geitel's  Das  Wcusergcu  und  seine  Vervcen- 
dwng  in  der  Technik)  shows  the  heat  of  combustion  of  different  gases 
under  these  two  conditions : — 

Table  of  Hsating  Value  of  Gases. 


Per  Cubic  Metre. 

Per  Cubic  PooL 

Per  Kilogramme. 

Per  Lb. 

GfM. 

Ligiiefled 
water. 

Gaseous 
Vapour. 

Liquefied 
Water. 

Gaseous 
Vapour. 

Uquefled 
Water. 

Gaseous 
Vapour. 

Uquefled 
Water. 

Gaseous 
Vapour. 

lighting, .    . 
Power,     .     . 
Water,     .    . 

Caloriei. 

5,810 
1,048 
3,054 

Calories. 

5,154 
1,048 
2,813 

B.T.U. 

650 
117 
332 

B.T.U. 

577 
117 
315 

Calories. 

11,350 

838 

4,558 

Calories. 

10,070 

838 

4,199 

B.T.U. 

20,430 
1,508 
8,204 

B.T.U. 

18,126 
1,508 
7,558 

Professor  Witz  considers  the  higher  as  the  only  real  heating  value  of 
^e  gas,  and  that  German  scientific  experts  make  an  error  in  calculating 
from  the  lower  heating  value.  The  available  heat  of  a  unit  weight  of 
petroleum  (or  of  a  cubic  foot  of  any  gas)  must,  he  says,  include  that  of 
the  condensed  water  vapour — i.e.,  this  latent  heat  must  be  credited  to 
the  cycle,  because  if  the  temperature  of  the  gases  could  be  sufficiently 
reduced  by  expansion,  this  heat  would  be  available  for  work.  He 
4W8umes  that  all  the  steam  or  water  formed  by  combustion  in  a  calori- 
meter is  condensed  in  the  apparatus,  and  therefore  its  latent  heat  should 
he  included  in  the  heat  value  of  the  gas  or  oil  tested,  and  not  deducted 
According  to  the  German  method. 

Against  thb  view  Professor  Meyer  protests.  It  is  true,  he  says,  that 
•during  the  process  of  combustion  in  a  calorimeter,  the  heat  in  the  water 
of  condensation  is  present,  nevertheless  it  should  not  be  credited  to  the 
cycle.  The  exhaust  gases  escape  from  a  gas-engine  cyclinder  at  a  temper- 
ature of  at  least  300"  C,  and  their  heat  cannot  under  present  conditions 
be  utilised.  If  under  the  name  **  quantity  of  heat  given  to  the  cycle,^' 
we  understand,  as  in  a  steam  engine,  all  the  heat  available  for  work 
above  the  temperature  of  the  atmosphere,  without  taking  into  account 
how  much  or  how  little  it  can  do,  and  whether  it  can  be  completely 
otilised  technically  or  not,  the  higher  heating  value  should  be  taken. 
All  this  heat  cannot,  however,  be  converted  into  work  on  the  piston. 
There  may  be  a  difference  of  16  per  cent,  between  the  higher  and  the 
lower  heating  value,  according  to  the  gas  used,  but  one  gas  does  not  give 
16  per  cent,  more  indicated  work  than  another.  The  theoretical  heat 
•efficiency  of  any  engine  can  never  be  equal  to  unity,  because  all  the  heat 
in  the  working  agent  below  the  normal  temperature  down  to  absolute 
.zero  cannot  be  utilised.  Further,  the  exhaust  gases  in  an  engine  cylinder 
are  largely  mixed  with  inert  gases,  and  therefore  the  water  will  be  con- 
densed at  a  temperature  much  below   100*  C.  '    It  is  desirable,  says 
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Professor  Meyer,  to  take  the  lower  heating  value  as  heat  added  to  the 
cycle,  in  calculating  the  thermal  efficiency,  and  determining  the  tempera- 
ture of  combustion.  It  enables  us  to  judge  correctly  of  the  efficiency  of 
different  engines  fed  with  gases  yielding  more  or  less  water  when  tested 
in  a  calorimeter.  In  other  words,  if  the  higher  heating  value  be  taken  as 
the  basis  of  the  thermal  efficiency,  the  engine  is  tested  not  only  by  its 
capacity  for  converting  the  heat  supplied  to  it  into  work,  but  also  by  the 
amount  of  water  the  gas  with  which  it  is  fed  contains,  since  the  more 
water  in  the  gas,  the  more  latent  heat  will  be  liberated  by  its  conden- 
sation. 

Professors  Kennedy  and  Bnrstall  follow  the  German  method,  and 
subtract  the  latent  heat  of  the  H^O.  No  internal  combustion  motor  can, 
in  Professor  Burstall's  opinion,  be  imagined  which  rejects  heat  at  a 
temperature  below  212*  F.  Otherwise  a  condenser  must  be  used,  and 
hitherto  such  a  method  of  returning  heat  to  a  gas  or  oil  engine  has  not 
been  found  practicable.  If  owing  to  its  mixture  with  neutral  gases  steam' 
is  actually  discharged  from  the  cylinder  at  a  lower  temperature,  it  cannot^ 
be  supposed  to  do  work.  For  gas  engine  practice  Professor  Burstall 
thinks  it  "  better  to  use  a  value  that  is  in  accordance  with  the  actual 
conditions  of  the  engine,"  although  of  course  it  is  theoretically  possible  to- 
cool  down  the  products  to,  say,  16"  0.  =  60"  F.  All  the  leading  authori- 
ties in  England  and  America  endorse  these  views. 

The  author  was  also  of  opinion  that  it  is  the  lower  and  not  the  higher 
heating  value  which  ought  to  be  taken  as  a  basis  for  calculating  the  heat 
efficiency.  In  the  abstract,  and  on  purely  theoretical  grounds,  Professor 
Witz  is  right  in  maintaining  the  desirability  of  the  higher  heating  value. 
If  gas  engines  conformed  to  this  ideal  type,  and  it  were  possible  to 
expand  the  gases  in  them  to  atmospheric  pressure,  and  utilise  completely 
the  heat  they  contain,  this  heating  value  would  correctly  represent  the 
quantity  of  heat  given  to  the  cycle.  But  at  present  such  a  heat  efficiency 
is  impossible  to  realise.  The  temperature  at  which  the  exhaust  gases 
leave  the  cylinder  is  far  too  high  to  allow  of  any  condensation  of  the 
escaping  steam,  and  therefore  the  latent  heat  it  contains  can  never 
become  sensible,  and  be  available  for  work.  A  gas  calorimeter  measures 
the  heat  in  any  gas  or  oil  burnt  in  it,  and  we  have  to  compare  the  heat 
thus  set  free  with  that  of  the  same  gas  or  oil  when  utilised  in  the 
cylinder  of  an  engine  for  power.  No  water  is  or  can  be  condensed,  and, 
therefore,  its  latent  heat  should  be  excluded  from  the  calorimetric  value. 
This  was  the  opinion  of  the  Cambridge  experts,  who  during  the  oil 
engine  trials  in  1894  took  the  heating  value  of  the  oil  with  the  water 
uncondensed. 

With  the  help  of  a  calorimeter,  the  heat  of  combustion  of  coal  and 
other  fuels,  solid  and  liquid,  and  of  most  kinds  of  combustibles,  has  been 
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determmed.  The  following  table  gives  the  values^  by  different  authori- 
tiesy  of  the  heat  produced  by  the  combustion  of  the  chemical  oonstituents 
of  coal  gas,  and  also  of  solid  carbon : — 

HxAT  Pkoducbd  bt  the  Combustion  or  H,  C,  CO,  ko,  (from  Ostwald's 

VerwaluUschqftS'Lehre,  1887). 


Unit  Weight  or  Oramma  of  the  foUoirliig 
Gmm  MMl  CartMHi. 

Unite  of  Heat  erolved  by  Complete  Gombaitton 
of  1  gramme  at  17*  C,  and  Atm.  Freaiore. 

Favreand 
SUbermann. 

Ihomten. 

Berthelot. 

Hydrogen,  U,          .... 

Carbon,  C, 

Carbon  monoxide,  CO,    . 
Marsh  gas,  CH4,      .... 
Ethylene,  C^4,      .... 
Benzene,  CgHe,        .... 

Calories. 

34,460 
8,080 
2,403 

13,062 

11,857 
9,915 

Calorlee. 

34,180 
8,080 
2,429 
13,244 
11,907 
10,249 

Calories. 

34,600 

8,138 

2,439 

13,344 

12,193 

9,949 

That  is  to  say,  1  gramme  of  carbon  completely  burnt  gives  out  sufficient 
heat  to  raise  1*  C.  the  temperature  of  8,080  grammes  of  water  from 
and  at  IT*  0.,  or  1  gramme  water  8,080"  C.  according  to  Favre  and 
Silbermann's  reckoning.  MM.  Berthelot  and  Mahler  claim  to  have 
obtained  more  accurate  results  with  their  calorimeters,  owing  to  the 
more  rapid  and  complete  faiethod  of  combustion;  their  values  are 
slightly  higher.  The  following  table  shows  the  number  of  British 
thermal  units  given  out  by  the  complete  combustion  of  1  cubic  foot  of 
each  of  the  gases  usually  present  in  coal  gas : — 

Table  or  B.T.U.  bbsultino  fbom  the  complete  Combustion  or 

1  CUBIC  rooT  or  DirrERSNT  Gases. 


Name  of  Oas. 

Calorific  Valnes  per  Cubic  Foot 

(measured  at  32*  F.  and  30  ins.  pres- 

sure  of  Mercmr)  In  B.T.U. 

(British  Thermal  Units). 

Hydrogen, . 

Carhon  monoxide. 

Methane,    . 

Ethylene,   .... 

Propylene,. 

Bntylene,   . 

Benzene, 

293-5 
342-3 

1,066 

1,678 

2,479 

3,276 

4,023 

(To  be  quite  accurate,  these  values  must  be  multiplied  by  a  factor 
obtained  from  the  temperature  and  barometer  height  at  the  time  of 
experiment.) 
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The  unit  of  heat  used  here  is  the  amount  of  heat  required  to  raise 
1  lb.  of  water,  at  a^**  to  68*  F.,  1*  F.  The  difference  between  the 
specific  beats  of  water  at  0*  C.  and  water  at  19*  is  only  about  1  in 
1,000.  The  products  are  supposed  to  be  cooled  down  to  about  19*  C. 
As  the  figure  given  for  hydrogen  includea  the  latent  heat  of  steam,  it 
may  be  replaced  by  the  figure  52,500,*  in  which  this  latent  heat  remains 
in  the  gas. 

Composition  of  Coal  Gkts. — As  regards  the  actual  composition  of 
coal  gas,  the  following  table,  taken  from  Schottler,  shows  an  average 
composition  of  1  cubic  foot  of  ordinary  Hanover  lighting  gas,  distilled 
from  coal  in  retorts,  without  admixture  of  air : — 

Table  SHOwura  Avebaob  Compositjon  of  1  cubic  foot  of  Hakovbr 

Coal  Gas  {SchdUUr), 


Volume. 

Name  of  Gm. 

Chemical  SymboL 

Cubic  Feet. 
•0069 
•0037 
•0211 
•3756 
•4627 
•1119 
•0081 
•0101 

Benzene, 
fintylene. 
Ethylene. 
Methane. 
Hydrogen.  . 
Carbon  monoxide. 
Carbon  dioxide. 
Nitrogen. 

CO, 

1^0000 

The  first  three  gases  are  called  "  heavy  hydrocarbons,"  and  as  they 
are  all  frequently  absorbed  together  by  the  same  reagent  (fuming  sul- 
phuric acid),  they  are  generally  included  together  under  one  head. 

Benzene,  CJEL^  bums  with  excess  of  oxygen  as  follows : — 

Molecular  weight,  78 ;  weight  of  1  cubic  foot  =  39  x  ^005591  =  '2181  lb. 
t  CgHe  +      7i02     =     6C0a    +    3H,0 
(1  voL)  +  (7i  vols.)  =  (6  vols.)  +  (3  vols.) 

Butylene,  C^H^  (Synonym — ^Tetrylene). 

C4H8  +      COa     =     4CO2    +    4H80 
(1  vol.)  +  (6  vols.)  =  (4  vols.)  +  (4  vols.) 

Molecular  weight,  56 ;  weight  of  a  cubic  foot,  28  x  ^005591  =  '1566  lb. 


*  52,500  B.T.U.  in  1  lb.  H., .  •.  52,500  x  0^00559  (weight  1  cubic  foot  H  per  lb.) 
=  293-5. 

tTo  be  striotly  accurate,  the  equation  should  be  doubled,  but  the  volume 
relations  are  more  clearly  shown  as  they  are.  Of  course,  half  a  molecule  is  a 
physical  impossibility. 
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Mhylene,  0^4  (Synonym — Olefiant  gas,  ethene). 

(\H4    +      30,     =    2C0a    +    2H,0 
(1  voL)  +  (3  vob.)  =  (2  vob.)  +  (2  vols.) 

Molecular  weight,  28 ;  weight  of  a  onbic  foot,  14  x  *006591  =  '0783  lb. 

Methane^  CH4  (Synonyms — Marsh  gas,  firedamp). 

CH4    +     20,      =     COa     +    2H,0 
(1  vol.)  +  (2  vob.)  =  (1  vol.)  +  (2  vob.) 

Moleonlar  weight,  16 ;  weight  of  a  cubic  foot,  8  x  •OOSSQl  =  '044728  lb. 

Mydroaen,  EL. 

♦H,    +     iO,     =    H,0 

(1vol.)  +  (J  vol.)  =  (1  vol) 
Molecular  weight,  2 ;  weight  of  a  cubic  foot,  "OOSSQl  lb. 
>Cdrbon  Monoxide,  CO  (Synonym— Carbonic  oxide). 

*C0    +     iO,     =    CO, 

(1  vol.)  +  (J  vol.)  =  (1vol.) 

Molecular  weight,  28 ;  weight  of  a  cubic' foot,  14  x  -006591  :=  -0783  lb. 
CariMm  Dioxide^  CO,  (Synonym — ^(}arbonic  anhydride). 

Molecular  weight,  44 ;  weight  of  a  cubic  foot,  22  x  -005591  =  '123  lb. 

NUroffen,  K„  does  not  pby  any  active  part  in  the  combustion,  but  remains 
unchanged  throughout  the  whole  set  of  operations.    It  acts  as  a  mere  diluent. 

Molecular  weight,  28 ;  weight  of  a  cubic  foot,  14  x  -005591  =  -0783  lb. 

Since  the  whole  of  the  oxygen  represented  in  the  above  equations 
has  to  come  from  the  air,  and  since  there  are  in  the  air  79  volumes 
of  nitrogen  to  21  of  oxygen,  it  follows  that  one  volume  of  oxygen 
must  be  replaced  by  about  4  •762  of  air. 

The  preceding  data  may  be  conveniently  tabulated  as  follows : — 

Table  showing  Products  of  Combustion  of  the  Various  Constituents 

OF  Coal  Gas. 


Nftme. 

Fonnnla. 

Denaity  in  Iba. 
per  cub.  ft.  at  0" 

Volumes  Oxy- 
gen required 

Volumes 

Volumes 

CO, 
Produoed. 

C.  and  700  mm. 

for  Complete 

of  Air. 

pressure. 

Combustion. 

Benzene,    . 

CA 

•2181 

u 

3571 

6 

Butylene,  . 

C4H, 

•1566 

6 

28-57 

4 

Ethylene,  . 
Methane,   . 

^: 

•0783 

•0447 

3 

2 

14-28 
9-52 

2 

1 

Hydrogen, 

^ 

•00559 

i 

2^38 

0 

Carbon  monoxide, 

CO 

•0783 

h 

238 

1 

Carbon  dioxide, 

CO, 

•1230 

•  •  • 

■  •  • 

•  •  • 

Nitrogen,  . 

N, 

•0783 

«  •  • 

•  •• 

•  •• 

*To  be  Btriotly  accurate,  these  equations  should  be  doubled,  but  the  volume 
relations  are  more  clearly  shown  as  they  are.  Of  Qourse,  half  a  molecule  is  a 
physical  impossibility. 


298 


GAS,  OIL,  AND  AIR  ENGINES. 


o 


QQ 


Q    ^ 


O 


M 

<     9 
O     g 

o 
o 

o 


s 

o 
o 


Paris 
(WIte). 

s 

S 

S 

? 

■ 

■ 

3 

? 

ud 

S3 

S 

ao 

• 

• 

CO 

8 

Paris 
(Peclet). 

0 

i 

0 

• 

s 

CO 

s 

• 

• 

0 

01 

1 

8 

s 

s 

s 

si 

,  0 

• 

? 

l^ll 

CD 

i« 

s 

■^l« 

00 

s 

WjzjS^ 

s 

over 
ttler). 

• 

?i 

• 

00 

• 

• 

3 

S 

as 

e«s 

lo 

9 

Pi^ 

0 

• 

^N 

8 

^s 

w^ 

>a^ 

-?> 

iden 
ttlei 

? 

s 

g 

s 

s 

3 

? 

? 

So 

CO 

i 

00 

00 

1— « 

^ 

■^I« 

8 

0 

1-4 

s 

? 

? 

• 

s 

• 

8 

no 

•^ 

CO 

0 

00 

■^I« 

CO 

• 

■^ 

8 

^1 

? 

s 

s 

• 

• 

• 

• 

• 
• 

? 

CO 

S5 

s 

kO 

• 

• 

• 

8 

5 

.M 

Imamoc 
Trial, 
Prof, 
ennedy. 

lb 

s 
5 

• 

I 

61 

8 

• 

8 

a    « 

^N 

• 

X 

■X. 

CO 

S 

00 

10 

s 

CO 

:     8? 

? 

1 

CO 

S 

^ 

CD 

CO 

8 

London 

Society  of 

Arts' 

Trial. 

• 

S5 

• 

3 

s 

• 

• 

s 

• 

8 

■ 

CO 

S? 

s 

CO 

0 

• 

CO 

8 

London 
Oas-Llgbt 

and 
Coke  Co. 

r 

•^ 

3 

to 

CO 

• 
• 
• 

0 

to 

8 

• 

^ 

• 

0  • 

13 

• 

• 

« 

Constituents 

in  Gas, 

Percentage  by 

Volume. 

1       • 

2 

CZ3 

3 

1 

g 
§  • 

Id 
J" 

1  • 

• 
0 

1 

• 

f 

• 

1 

COMPOSITION  OF  COAL  GAS. 


299 


The  oompoBition  of  lighting  gas  is  not  constant.  It  depends  upon 
tbe  quality  of  the  coal,  the  temperature  of  the  retort,  and  the  period  of 
diatillation.  The  following  table,  from  experiments  by  Dr.  Wright,* 
shows  the  influence  of  the  time  that  has  elapsed  after  charging  the 
retorts  : — 


Coal  Gas. 

Constltiieiita. 

Time  after  Gommenoement  of  IMstillatioii. 

10  minutes. 

8  honrs  25  mins. 

5  hours  86  mint. 

Hydrogen, .... 
Marsh  gas, 
Carbon  monoxide, 
Heavy  hydrooarbons, 
Nitrogen,    .... 
Carbon  dioxide, . 
Sulphuretted  hydrogen. 

Cubic  foot, 

CO 

... 

c6, 

8^ 

Per  cent. 
•2010 
•5738 
•0619 
•1062 
•0220 
•0221 
•0130 

Percent. 
•5268 
•3354 
•0621 
•0304 
•0255 
•0149 
•0049 

Per  eent. 
•6712 
•2258 
•0612 
•0179 
•0078 
•0160 
•0011 

10000 

10000 

10000 

The  table  on  p.  298  shows  the  composition  of  the  coal  gas  in  most  of 
the  large  towns  of  Europe,  &c, 

Galorifto  Valae  of  1  Cubic  Foot  of  any  Coal  Gkui. — ^From  the  table 
of  B.T.TJ.,  p.  295,  it  is  now  easy  to  find  the  calorific  value  of  1  cnbic 
foot  of  any  lighting  gas,  it  being  only  necessary  to  multiply  the  volume 
percentage  of  each  combustible  gas  by  its  calorific  power  per  cubic  foot, 
as  given  in  the  second  column  of  that  table. 

Take  for  example  the  following  gas : — 


Name  of  Gas. 


Methane,  . 
Ethylene,  . 
Butvlene,  . 
Hydrogen,  . 
Carbon  monoxide. 
Nitrogen,  CO,  and  0,, 


Volnmes  in 
cub.  ft. 


•4280 
•0277 
•0278 
•4360 
•0430 
•0375 


1-0000 


Calorific 

Value  B.T.IJ. 

in  1  cab.  ft. 


4562 
46-5 
91-0 

128-0 
14-7 


736-4 


Weight  in  lbs. 
per  cub.  ft. 


•019130 
•002169 
•004353 
•002437 
-003366 
•003220 


•034680 


Volume! 

Oxygen 

required. 


•8560 
•0831 
-1668 
•2180 
•0215 


1-3454 


i.e,i  1  cubic  foot  of  this  gas  on  complete  combustion  would  yield  736*4 


B.T.TJ.,  or 


736-4 


s  21,230  B.T.U.  per  lb.  of  gas,  and  would  require 


•03468 
1*345  volumes  of  oxygen  or  6*407  of  air  for  complete  combustion. 

*  Joum.  Chem.  Soc,,  No.  261,  1884. 
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As  a  matter  of  fact^  when  1  cubic  foot  of  this  gas  is  mixed  with  1  -345 
volumes  of  oxygen^  the  explosion  is  so  violent  as  to  be  quite  unmanage- 
able. Even  when  diluted  with  nitrogen  as  in  air,  the  correct  proportions 
for  complete  combustion  (here  6-407  volumes  of  air  to  I  of  coal  gas)  still 
give  too  violent  an  explosion.  This  can  be  moderated  by  using  an  excess 
of  air  which  acts  as  a  diluent,  lowering  the  partial  pressure  of  the  re- 
acting gases.  This  excess  of  air,  together  with  the  whole  of  the  5-062 
volumes  of  nitrogen  introduced  with  the  re-acting  oxygen,  and  the  nitro- 
gen originally  present  in  the  gas,  unavoidably  impairs  the  efficiency,  as 
the  whole  of  this  has  to  be  heated  up  to  the  temperature  of  the  cylinder 
gases.  Further,  it  is  discharged  at  a  high  temperature  (about  400"*  to 
450**  0.)  together  with  the  carbon  dioxide  produced  in  the  reaction,  and 
the  whole  of  this  heat  is  wasted.  In  the  various  producer  and  water 
gases,  formed  by  forcing  air  or  mixtures  of  air  and  steam  over  red-hot 
•coal,  the  amount  of  nitrogen  is  considerable,  and  accordingly  much  less 
air  is  required  for  their  complete  combustion.  Thus,  wherever  coal  gas 
requires  from  6  to  15  volumes  of  air,  Dowson  gas  requires  only  l^ 
volumes. 

The  following  table  gives  the  composition  of  several  of  these  cheaper 

gases : — 

» 

Tablx  of  Composition  of  Powkb  Gases  in  Volumb  Per  Csnt. 


Name  of  Oas. 

Oxygen, 
0. 

Hydrogen, 
H. 

ManhOas, 

CH4,  and 

Oleflant 

Gaa. 

1 

Carbon 

Monoxide, 

00. 

Gart>on 

Dioxide, 

COj. 

Nitrogen, 

N. 

59-40 

Producer  (Siemens'), 

•  ■  a 

8*60 

1 
2-40 

24-40 

5-20 

Water,    .... 

•  •  • 

61-89 

010 

40  08 

4-80 

3  13 

Water  (Essen), 

•  •  • 

48-60 

0-40 

44-00 

3  30 

8-70 

Carburetted  water, 

0-21 

39-40 

25-11 

29-03 

•  •  • 

6-29 

Natural, .... 

•  •  • 

2200 

73  00 

0-60 

0-60 

3*00 

Tessi^  du  Motay,     . 

•  •  V 

43*25 

1-25 

46-50 

5-00 

4-00 

Wilson,  .... 

■  •  « 

1500 

1-40 

25-90 

3-70 

54  00 

Strong,    . 

•  •  • 

53-00 

.   tt  a  • 

35-00 

4-00 

8-00 

Lowe, 

•  •  • 

30  00 

•  •  • 

28  00 

34-00 

8  00 

Dowson,  . 

0-03 

18-73 

0-62 

25-07 

6-67 

48-08 

Dowson,  . 

0-23 

24-36 

1-31 

17-55 

607 

50*48 

Lencauchez, 

0'60 

20-00 

4-00 

21-00 

500 

49-50 

Taylor,    . 

•  ■  • 

1200 

1-20 

27-00 

2-60 

57-30 

Mond,      . 

•  ■  • 

29-00 

2-00 

1100 

1600 

42  00 

Riche  (wood  gas),    . 

•  •  • 

44-20 

12-40 

22  00 

1 

21-30 

B  •  • 

See  Diagram  of  Combustible  Gases,  p.  200. 

It  may  be  useful,  as  an  example,  to  work  out  the  calorific  value  of  one 
of  these,  say  Siemens'  producer  gas  : — 
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HsATTNo  Value  or  1  Cubic  Foot  or  Sibmbns'  Pkoducbb  Gas  in 

Britibh  Thsrhal  Units. 


Oas. 

BymboL 

Amount 
in  1  cub.  ft. 

Calorific 

Value 

per  cub.  ft. 

Calorific 

Value 

per  cub.  ft. 

of  Oas  in 

B.T.U. 

Volumes 

of  Oxygen 

required 

in  cub.  ft. 

Volumes 

of  Air 

required  in 

cub.  ft. 

Hydrogen,     .     .     . 
IMethane,  .... 
Carbon  monoxide,  . 
Carbon  dioxide, .     . 
Nitrogen,  .... 

(S4 

CO 

COa 

•086 
-024 
•244 
-062 
-594 

293-5 
1066  0 
3423-0 

•  ■  • 

25-24 
26-58 
83-51 

■  •  • 

•  •  ■ 

•013 
•048 
•122 

•  •  ■ 
■  •  • 

•205 
•229 
-581 

•  •  ■ 

•  •  • 

1000 

•  •  • 

135-33 

0-213 

1-015 

H  enoe  the  calorific  power  of  this  producer  gas  is,  roughly  speaking,  only 
one-fifth  that  of  an  equal  volume  of  coal  gas,  and  it  requires  only  a  little 
more  than  its  own  volume  of  air  for  complete  combustion. 

Interesting  calculations  by  A.  Naumann  on  the  transformation  of 
beat  into  chemical  energy  in  the  production  of  power  gas  will  be  found 
in  the  Berichte  der  deuUchen  chemiachen  GeselUchaft,  No.  25,  18921  In 
the  formation  of  producer  or  air  gas,  heat  is  liberated,  in  that  of  water 
gas  it  is  absorbed,  and  the  author  considers  how  the  surplus  heat  of  the 
one  process  can  be  utilised  in  the  other.  This  may  be  done  either  by  in- 
troducing water  with  the  air  for  combustion  (as  in  Dowson  gas),  thus- 
forming  what  he  calls  "  water  producer  gas,"  or  by  introducing  CO^  to 
form  carbon  dioxide  producer  gas. 

The  same  subject  has  been  treated  by  Mr.  Norton  Humphreys  in  a 
paper  on  **The  Gas  Engine,  from  a  theoretical  point  of  view/'*  Volume 
for  volume,  the  calorific  value  of  lighting  gas  increases  with  its  illuminat- 
ing power.  The  richer  the  gas,  the  greater  its  specific  gravity,  but  if 
judged  by  weight,  its  quality  does  not  affect  the  heating  value.  To 
estimate  the  latter  accurately,  not  only  the  weight,  but  also  the  chemical 
composition  of  a  gas  should  be  known. 

The  following  table  is  taken  from  Mr.  Dugald  Clerk's  paper  on 
"  Recent  Developments  in  Gas  Engines,"  in  the  Proceedings  of  the 
Institution  of  Civil  Engineers,  vol.  cxxiv.,  1895-1896.  It  is  calculated 
from  an  analysis  by  Dr.  P.  F.  Frankland  in  a  paper  read  before  the 
Society  of  Chemical  Industry,  5th  May,  1884,  and  gives  the  weighty 
volume,  and  heating  value  of  lighting  gas  in  most  of  the  large  towns  in 
England  and  Scotland  : — 


*  Gas  Engineer*8  Annual,  1889. 
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CHAPTER    XV. 
THE  UTILISATION  OF  HEAT  IN  A  GAS  ENGINE. 

OoHTiHTS. — Gas  Power  versus  Steam  Power — Comparison  of  Heat  Efficiencies  of 
Steam  and  Gas  Engines — Balance  of  Heat — Four  Efficiencies — Ideal  Diagram — 
Actual  Otto  Diagram — ^Ayrton  and  Perry's  Experiments — Formulie  of  Efficiency 
— Four  Types  of  Engine— Heat  Balance  Sheet. 

Sating  npw  considered  the  laws  goyerning  heat,  the  chemical  nature 
of  the  changes  taking  place  in  the  charge  of  gas  and  air  in  an  engine 
<sylinder,  and  the  heat  developed,  we  come  to  the  question  how  far  this 
heat  is  really  usefully  employed  as  motive  power.  Upon  this  vital 
point  the  whole  theory  and  practice  of  a  heat  engine  rest.  The  heat 
supplied  is  used  to  drive  out  a  piston,  but  it  can  never  all  be  turned 
into  work.  The  analyses  and  calculations  of  the  heat  of  gases  in  the 
preceding  chapter  enable  us  to  determine  how  much  heat  goes  into  a 
motor  cylinder,  and  we  must  now  try  and  trace  what  becomes  of  it. 
What  is  the  proportion  wasted  and  utilised  ?  What  are  the  causes  of 
the  waste  of  heat,  and  consequently  of  power,  and  how  far  can  this  loss 
be  avoided,  in  the  construction  and  working  of  a  heat  engine  9 

An  erroneous  idea  was  formerly  prevalent  that  heat  is  a  mysterious 
attribute  imparted  to  a  body,  which  cannot  be  measured  or  accounted 
for.  The  heat  evolved  in  a  gas  by  combustion  in  a  cylinder  does  not 
•disappear  in  some  unknown  manner.  Either  it  remains  to  raise  the 
temperature  of  the  gas,  or  it  is  dissipated  in  one  of  three  dijfferent  ways. 
A  certain  quantity  is  radiated  into  the  atmosphere  through  the  walls  of 
the  cylinder,  and  into  the  water  jacket.  Some  is  expended  in  power, 
according  to  the  law  of  the  mechanical  equivalent ;  and  a  proportion, 
varying  according  to  the  more  or  less  perfect  cycle  ot  the  engine,  is  left 
at  the  end  of  expansion,  to  be  carried  off  to  the  atmosphere  at  the 
exhaust  stroke. 

QsB  Power  as  Compared  with  Steam  Power. — It  has  now  been 
proved  by  experiment  that  a  good  gas  engine  turns  at  least  double  as 
much  heat  into  work  as  a  good  steam  engine.  This  is  chiefly  because 
the  range  of  working  temperatures  is  very  much  higher.  In  a  boiler 
and  steam  engine,  or  what  may  rightly  be  called  an  external  combustion 
motor,  the  source  of  heat,  the  furnace,  is  separated  from  the  engine,  and 
the  steam  is  raised  to  its  highest  temperature  before  it  enters  the 
<;ylinder.  However  carefully  the  steam  pipes  may  be  covered,  they  carry 
off  some  heat.     The  temperature  of  the  working  agent  cannot  be  so  great 
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when  heat  is  added  externally,  before  work  on  the  piston  is  begun,  afr 
when  it  is  imparted   actually  inside  the  cylinder,  as  in  a  gas  motor. 
When  the  water  in  a  boiler  is  converted  into  steam,  a  change  of  physical 
condition  takes  place.     A  certain  quantity  of  heat  becomes  latent,  or 
is  stored  up  without  raising  the  temperature  of  the  steam,  in  order  to 
produce  the  change  from  a  liquid  to  a  gaseous  state.     Nor  does  steam 
wholly  conform  to  the  law  of  Gay-Lussac,  because  it  is  not  a  perfect  gas. 
It  increases  more  rapidly  in  pressure  than  in  temperature,  when  heat 
is  applied  to  it.     At  a  temperature  of  450*  0.  absolute,  it  has  a  pressure 
of  10  atmospheres  =150  lbs.  to  the  square  inch.     From  these  causes  the 
initial  temperature  of  the  steam  is  relatively  low ;  the  range,  or  differ- 
ence between  the  two  sources,  is  never  very  great,  and  coosequently 
less  heat  is  available  to  be  utilised  in  work. 

In  gas  engines  the  conditions  are  very  different.  Combustion  takes 
place  in  the  cylinder  itself,  or  in  a  contiguous  chamber,  and  there  is  no 
boiler  or  its  equivalent,  except  when  the  engine  is  driven  with  power 
gas.  The  gas  is  introduced  into  the  cylinder  at  a  comparatively  low 
temperature.  The  heat  is  produced  at  once  by  explosion  and  com- 
bustion, and  utilised  on  the  piston.  The  theoretical  temperature 
of  explosion,  obtained  by  calculating  the  heat  of  combustion  of  the 
chemical  constituents  of  the  gas,  is  estimated  at  from  2,600*  to  nearly 
4,000*  0.  To  two  causes — namely,  internal  combustion  and  permanence 
of  physical  state  in  the  gas — the  greater  practical  efficiency  of  a  gas 
engine  is  chiefly  due.  It  must  not,  however,  always  be  assumed  that, 
in  all  cases,  the  power  at  the  end  of  the  crank  shaft  is  obtained  more 
economically,  because  the  mechanical  efficiency  of  a  gas  engine,  or  the 
ratio  of  brake  to  indicated  horse-power,  is  generally  lower  than  that  of 
a  steam  engine.  In  other  words,  a  gas  engine  often  takes  more  power 
to  drive  itself  than  a  good  steam  engine. 

It  is  of  much  practical  importance  that  the  various  cast-iron  piston 
rings  should,  in  a  gas  engine,  be  made  to  fit  even  more  tightly  than  in 
a  steam  engine,  because  the  initial  presuures  in  the  former  are  very 
much  higher.  The  rings  should  be  carefully  examined  from  time  to 
time,  to  see  that  no  leakage  has  taken  place. 

The  Heat  Efflcienoy,  taking  the  B.H.P.,  of  the  best  modern  mill 
steam  engines,  triple-condensing,  steam  jacketed,  using  saturated  steam 
of  about  160  lbs.  pressure,  was,  a  few  years  ago,  from  19  to  14  per 
cent.  This  efficiency  is  yielded  by  engines  of  from  750  to  350  I.H.P., 
as  shown  in  the  tables  published  by  the  author  in  The  Engineer^  October 
13,  1899.  For  ordinary  compound  engines  this  heat  efficiency  would 
be  lower,  and  for  the  usual  single-cylinder  engines  still  less.  In  the  eleven 
best  gas  engines  using  town  gas,  of  Table  No.  1,  the  heat  efficiency,, 
taking  the  B.H.P.,  varies  from  25  to  18  per  cent,  for  motors  develop- 
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ing  from  60  to  5  I.H.P.  In  engines  driyen  with  power  gas  this 
efficiency  works  out  rather  higher.  Taking  the  first  eight  in  Table 
No.  5,  developing  from  490  to  51  I.H.P.,  the  heat  efficiency  per  B.H.P. 
varies  from  29  to  20  per  cent.  In  Professor  Meyer's  excellent  trials 
on  an  engine  driven  with  blast-furnace  gases,  indicating  80  H.P.,  the 
heat  efficiency  for  the  B.H.P.  was  25  per  cent.  In  the  important  trial 
at  Seraing  in  March,  1900,  on  the  large  600  H.P.  engine,  a  heat  efficiency 
of  26  per  cent,  per  B.H.P.  was  obtained  (see  Table  No..  7). 

Bat  there  are  limits  to  the  heat  produced  by  internal  combustion  in 
a  gas  engine  cylinder.  Far  more  heat  is  developed  than  can  be  utilised, 
or  brought  safely  into  contact  with  the  walls  and  working  parts  of  the 
engine.  Professor  Witz  says  that  the  limit  of  working  temperature  in 
a  heat  engine  throughout  the  stroke  is  estimated  at  about  570**  absolute 
=  300**  C.  It  is  true  that  much  higher  temperatures  are  obtained  in  a 
gas  engine ;  they  cannot  indeed  Jbe  avoided,  but  neither  can  they  at 
present  be  utilised.  Theoretically  of  such  value,  in  practice  the  gain 
obtained  by  these  high  temperatures  must  be  deliberately  sacrificed. 
A  temperature  of  1,600*  C.  or  1,873°  absolute  is  taken  by  the  best 
authorities  as  an  average  maximum  temperature  of  explosion,  and  it 
is  seldom  lower  than  1,000^  C.  or  1,273*  absolute.  Such  heat  must  be 
instantly  counteracted  and  dispersed,  and  this  is  obtained  by  circulating 
water  in  the  jacket  round  the  cylinder,  and  thus  lowering  the  tem- 
perature of  the  gas  at  explosion  and  afterwards.  If  it  were  not  for 
these  practical  difficulties,  the  25  per  cent,  actual  efficiency  mentioned 

T  — T 
above  would  be  considerably  increased.     In  the  formula  — Sp— ^>  P*  277, 

■'•1 
T|  is  the  maximum  temperature  of  explosion.     Practically  about  one* 

third  to  one-half  this  heat  T^  is  carried  off  by  the  action  of  the  walls 

and  water  jacket,  and  much  of  the  remainder  escapes  with  the  unburnt 

gases.     The  colder  walls  abstract  heat  which  must  be  dispersed,  but 

might  with  great  advantage  be  retained.      Their  action  is  necessary, 

but  not  perhaps  to  its  full  extent,  and  here  is  a  great  opening  for  future 

improvement. 

Balance  of  Heat. — ^A  most  useful  method  of  studying  heat  and  its 

utilisation  in  any  engine  was  first  introduced  by  the  late  G.  A.  Him. 

He  drew  up  what  he  termed  a  heat  balance  sheet,  showing  on  one  side 

all  the  heat  given  to  an  engine,  and  on  the  other  how  it  was  expended. 

It  is  now  usual,  following  his  method,  to  make  such  a  heat  balance,  in 

calculating  the  results  of  an  engine  test.     The  heat  received  is  put  on 

one  side  of  the  account,  and  that  dissipated,  measured,  and  unaccounted 

for  on  the  other.     In  a  gas  engine  such  a  heat  account,  as  shown  by 

actual  experiments,  will  be  found  on  the  next  page. 

The  figures  vary  much  with  different  engines,   but  these  may  be 
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taken  to  represent  fair  working  conditions.  They  are  from  Professor 
Capper's  trial  of  a  7  nominal  H.P.  Crossley  engine.  (See  other  Heat 
Balance  Accounts  on  p.  313.) 

The  actual  heat  supplied  to  an  engine  cannot  be  accurately  calculated, 
unless  the  calorific  value  of  the  gas  is  known.  This  may  be  determined 
either  by  chemical  analysis,  or  by  combustion  in  a  calorimeter  (see 
p.  289).  The  gas  varies  from  hour  to  hour  in  the  proportions  of  its 
chemical  constituents,  and  its  heatiug  value  differs  in  every  town.  The 
amount  of  air  used  to  dilute  the  charge  is  also  an  element  of  uncer- 
tainty in  making  calculations.  The  ordinary  method  is  to  measure 
the  quantity  of  gas  entering  the  cylinder  by  a  meter,  and  to  calculate 
the  air  consumption  from  the  total  volume,  but  this  is  an  unsatisfactory 
plan.  A  certain  amount  of  the  products  of  combustion  almost  always 
remain  in  the  cylinder,  mixing  with  the  fresh  charge,  and  as  the  quan- 
tity of  gas  admitted  does  not  vary,  they  must  reduce  the  proportion  of 
air  entering  with  it.  The  quantity  of  air  should  be  actually  measured, 
and  this  has  been  done  by  Dr.  Slaby  and  others.  It  is  not  an  easj 
process,  but  is  essential  for  accurate  trials. 

Gas  EKOiN]ii--HEAT  Balance  Aooount  (Avebage). 


Dr.        Heat  received  by  the  Engini 

B. 

Heat  accounted  for,  dbc. 

Or. 

Heat  unite  (T.U.)  received 
per  explosion, 

Total,    . 

Per  cent. 
100 

In  work  (T.U. )  I.H.P. ,      . 
Carried  off  by  jacket. 
Carried  off  in  exhaust  gases, 
Carried  off  by  conduction 
and    radiation,  and  un- 
accounted for. 

Total,    . 

Per  centb 
22-32* 
32-96 
43-29 

1-43 

100 

100 

Expansion. — The  utilisation  of  heat  in  a  gas  engine,  and  its  trans- 
formation into  work,  is  mainly  obtained  during  the  two  processes  of 
expansion  and  compression.  The  uses  of  compression,  and  the  great 
advantages  derived  from  it,  have  already  been  explained.  It  reduces 
the  original  volume  of  the  gases,  and  increases  their  power  of  expansion. 
But  since  the  temperature  obtained  by  explosion  in  a  gas  engine  is  high, 
the  expansive  force  of  the  gases  is  correspondingly  high,  and  is  never 
completely  utilised.  The  gases  are  always  discharged  into  the  atmo- 
sphere at  a  considerable  pressure,  which,  had  it  been  possible  to  prolong 
the  stroke  indefinitely,  might  be  turned  to  useful  account  in  doing  work 
upon  the  piston.  It  is  on  account  of  this  high  expansive  energy  of  the 
gases  that  most  modem  writers  insist  upon  ignition  at  the  dead  point. 

*  In  large  modem  gas  engines  this  percentage  is  now  much  higher. 
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TThe  whole  heat  is  added,  and  explosion  takes  plaoe  as  far  as  possible 
:at  constant  yolume,  or  before  the  piston  has  moved,  and  thus  the  whole 
volume  of  the  cylinder  is  available  for  the  expansion  of  the  gases. 

A  series  of  interesting  experiments  was  made  by  Herr  Staos,  to 

determine  the  amount  of  heat  or  energy  carried  off  in  the  exhaust  gases 

-at   discharge,  by  means  of  an  **  exhaust  calorimeter "  designed  by  him. 

It  consisted  of  a  vertical  vessel  in  three  parts,  into  the  bottom  of  which 

'^the  exhaust  gases  were  admitted,  and  passed  into  a  coil  of  pipes.     Water 

"WAS  sprayed  on  to  the  pipes  from  above,  and  collected  at  the  bottom, 

and  its  rise  in  temperature,  due  to  the  cooling  of  the  gases,  measured. 

'One  hour's  test  was  made  on  a  4  H.P.  Otto  engine,  running  at  161 

revolutions  per  minute.     The  consumption  of  gas  of  668  B.T.IJ.  per 

cubic  foot  heating  value  was  30  cubic  feet  per  B.H.P.  and  23  cubic  feet 

*per  I.H.P.  hour.     Thermal  efficiency  (or  heat  converted  into  indicated 

work)  16*18  per  cent.     Heat  lost  to  the  cooling  jacket  44*44  per  cent. 

lost  to  exhaust  37*58  per  cent.,  by  radiation  1*8  per  cent.     The  rise 

dn  temperature  of  the  water  in  the  exhaust  calorimeter  was  11°  0. 

«19*8"  P. 

Xfflcienoies. — ^Engineers  often  employ  four  kinds  of  Efficiencies  to 
•represent  the  utilisation  of  heat  and  power  in  an  engine. 

I.  The  first  is  known  as  the  Maximum  Theoretical  Efficiency  of  a 
-perfect  engine,  and  is  defined  in  the  preceding  chapters.     It  is  expressed 

T  -  T 

'by  the  formula  —^^ — ^,  and  shows  the  working  of  a  perfect  engine 

•between  these  limits  of  temperature  (Tj  and  T^  absolute). 

II.  The  second  is  the  Actual  Heat  Efficiency,  or  the  ratio  of  the  heat 
turned  into  work  to  the  total  heat  received  by  the  engine.  The  work  is 
^ften  given  in  I.H.P.,  but  B.H.P.  should  be  added  if  possible,  and  it  is 
the  best  standard  of  comparison.    (See  Table  of  trials  for  many  examples.) 

III. — The  third  is  the  ratio  between  the  second  (actual  heat  efficiency) 
4uid  the  first  (maximum  theoretical  efficiency).  It  represents  the  maxi- 
mum proportion  of  possible  heat  utilisation  actually  obtained  by  the 
engine. 

IV.  The  fourth  is  the  Mechanical  Efficiency.  It  is  the  ratio  between 
the  useful  horse-power  (or  brake  H.P.)  available  at  the  end  of  the  crank 
•shaft,  and  the  total  indicated  horse-power.  The  difference  between  the 
two  is  the  I.H.P.  necessary  to  drive  the  engine  itself.  Suppose  an 
engine  indicating  a  total  of  100  H.P.,  and  that  by  a  special  experiment 
it  was  found  that  20  H.P.  was  required  to  keep  the  engine  going  at  the 
same  speed,  without  any  external  work.  In  such  a  case  the  mechanical 
efficiency  would  be  80  per  cent. 

Ideal  Diagram. — ^The  diagrams  representing  the  area  of  work  in  a 
heat  engine  are  similar  to  that  of  Carnot's  perfect  cycle,  but  vary  in 
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shape  according  to  the  type  of  motor,  and  the  curves  produced  hy  the- 
pressure,  expansion,  and  cooling  of  the  gases.  Fig.  121  represents  & 
perfect  cycle,  in  which  the  gases  are  compressed  before  ignition.  The 
line  A  B  is  the  abscissa,  and  is  proportionate  to  the  cylinder  yolume  and 
the  length  of  stroke.  The  line  D  F  is  the  ordinate  of  pressure,  and  the 
mean  height  of  the  area  D  F  B  C  D  gives  the  mean  pressure.  Explosion* 
takes  place  at  D,  the  pressure  rising  instantly  to  F  without  change  of 
volume,  as  the  piston  is  stationary.  From  F  to  B  the  charge  expands, 
and  all  the  work  of  the  engine  is  done.  The  pressure  and  temperature- 
fall  in  consequence.  From  B  to  A  the  gases  are  discharged  at  atmo- 
spheric pressure.  The  piston  draws  in  the  charge  from  A  to  B,  and 
compresses  it  into  the  clearance  space. 

In  this  ideal  diagram  all  the  lines  follow  Carnot's  cycle.     Oompressiona 
and  explosion  are  both  adiabatic — that  is  to  say,  no  heat  is  lost,  but  all 

is  transformed  into  energy,  and 
again  refunded  by  compression  of 
the  charge.  The  gases  also  expand 
till  their  pressure  falls  to  atmo- 
spheric, and  their  whole  energy  is> 
supposed  to  be  utilised.  The  dia- 
gram is  formed  of  two  adiabatic 
lines,  compression  and  expansion  ; 
a  vertical  explosion  line  with  no 
increase  in  volume  during  the 
rise  in  pressure,  and  a  horizontal 
exhaust  line,  with  no  back  pressure 
during  the  return  to  the  original 
volume. 

Aotiial  Otto  Diagrams. — We  will  now  consider  what  really  takes 
place  in  an  engine,  and  the  area  of  work  shown  by  an  indicator  diagram. 
Fig.  122  is  an  actual  indicator  diagram  taken  at  a  trial  of  an  Otto  engine 
by  Messrs.  Brooks  &  Steward,  and  similar  to  most  modem  diagrams. 
Here  A  B  is  the  line  of  atmospheric  pressure,  and  almost  parallel  with* 
it  is  the  line  of  admission  A  0.  It  will  be  remembered  that,  in  the  Otto 
cycle,  the  piston  draws  in  the  charge  during  one  entire  forward  stroke. 
If  the  lines  A  B  and  A  C  be  compared,  the  latter  will  be  seen  to  be- 
rather  lower,  showing  that  there  is  a  small  vacuum  in  the  cylinder,  and 
the  charge  is  admitted  at  a  pressure  slightly  below  that  of  the  atmo- 
sphere. From  C  to  D  the  charge  is  compressed,  the  pressure  rises,  but 
the  line  falls  below  the  adiabatic  (compare  0  D  in  Fig.  121).  Evidently 
the  heat  is  carried  off  and  abstracted  by  the  cooler  walls,  as  well  aa 
stored  up  by  the  compression  of  the  gas.  From  D  to  F  is  the  explosion 
line,  which  also  deviates  from  the  perfectly  vertical  line  in  Fig.  121.   The 


Fig.  121. — Diagram  of  Perfect  Cycle  with 
Compression. 


GAS  ENGINE  DIAGRAMS.  309 

top  of  the  diagram  is  rounded,  showing  that  the  piston  had  begun  to 
move  a  little  before  explosion  was  complete;  the  pressure  did  not  at 
once  attain  its  maximum,  nor  was  combustion  complete  when  the  highest 
pressure  was  reached.  The  line  of  expansion  F  G  dififers  from  the  true 
theoretical  adiabatio  curve.  Various  circumstances,  such  as  "after- 
<x>m  bastion,"  cooling  action  of  the  walls,  and  other  causes  contribute  to 
alter  the  shape  of  the  expansion  curve  in  actual  gas*  engines.  At  G  a 
phenomenon  occurs,  with  which  nothing  in  Fig.  121  corresponds.  The 
^xhaast  valve  opens  prematurely,  while  the  gases  are  still  at  a  high  tem- 
perature and  tension,  and  the  pressure  falls  suddenly,  before  expansion 
is  completed ;  the  gases  escape  into  the  atmosphere,  instead  of  continuing 
to  act  upon  the  piston.  At  H  the  end  of  the  stroke  is  reached,  and  the 
.gases  of  combustion  are  discharged  along  the  return  line  from  H  to  A. 
At  the  beginning  of  the  return  stroke  this  line  is  above  the  atmospheric 
pressure  to  which  the  gases  are  in  theory  reduced  at  the  end  of  expan- 

F^ Max'^Pnts.  Diagram  fnm  3 

r\^        4s  Temp.  Otto  Bngint.  S 


I                             1              3rfw/JJ#5on7^ 
Y* ThtAlengfh  U proportional  to  the  ttroke  qf  Enginr. >l 

Fig.  122. — Otto  Engine — ^Actual  Indicator  Diagram— Single  Cylinder— Single 
Acting.     (The  figures  indicate  sequence  of  operations.) 

'sion,  and  there  is  a  certain  amount  of  back  pressure,  or  pressure  retarding 
the  motion  of  the  piston. 

This  indicator  diagram  may  be  taken  as  a  typical  representation  of 
•the  curves  of  pressure  usually  obtained  in  an  Otto  engine  during  two 
^revolutions.  The  chief  reasons  for  the  variations  in  this,  as  compared 
with  a  theoretical  cycle,  are  : — 

1.  Explosion  is  not  instantaneous,  and  continues  after  the  piston  has 
'begun  to  move  out. 

2.  Oombttstion  is  not  completed  till  some  time  after  the  beginning  of 
;the  stroke,  and  the  whole  heat  is  not  developed  instantaneously. 

3.  Heat  is  carried  off  by  the  walls  and  the  water  jacket,  to  reduce  the 
temperature  within  practicable  limits. 

4.  Expansion  is  never  adiabatic,  and  the  whole  heat  expended  or 
•evolved  from  the  gas  is  not  absorbed  in  doing  work. 

5.  Expansion  is  not  continued  till  the  pressure  of  the  gases  is  reduced 


3IO  GAS,  OIL,  AND  AIE  ENGINES. 

to  atmospheric,  but  they  are  discharged  much  before  their  fall  pressure^ 
has  been  utilised  in  work  on  the  piston. 

Ayrton  and  Perry. — A  very  complete  and  careful  study  of  a  6  H.P. 
Otto  gas  engine  indicator  diagram  will  be  found  in  a  paper  by  Messrs. 
Ayrton  k  Perry,. in  the  Philosophical  Magazine  for  July,  1884.  The 
authors  consider,  first,  the  action  in  the  cylinder  and  the  nature  of  the 
working  fluid,  both  before  and  after  combustion ;  next,  the  shape  of  the 
indicator  diagram  as  regards  the  compression  and  expansion  of  the  mix- 
tare,  and  the  influence  of  vibrations  in  the  indicator  spring.  Formulae- 
are  given  for  calculating  the  curves.  The  heat  imparted  to  the  fluid, 
determined  from  its  volume  and  pressure,  is  also  studied,  as  well  as  the 
total  heat  and  work  during  the  cycle,  and  the  loss  of  heat  during  com- 
pression and  by  radiation. 

T    —  T 
Formulse  for  Efficiencies. — Although  the  formula  -^ — ^  applies 

■'•1 

equally  to  all  heat  engines,  there  are  various  types  of  gas  motors,  each 

utilising  differently  the  heat  supplied.     In  practice  they  are  classified 

under  four  heads.     In  each  of  these  types  the  indicator  diagram  varies 

slightly  in  shape,  and  the  actual  efficiency  may  be  expressed  by  a  different 

formula.     The  formulae  of  efficiency  now  generally  used  in  calculating 

the  work  obtained  in  theory  from  a  gas  engine  were  originally  drawn  up 

by  Professors  Schottler  and  Witz,  and  Mr.  Dugald  Clerk,  from  whose 

able  generalisations  the  following  figures  are  taken : — 

The  first  three  types  of  gas  engines  are  direct-acting,  and  the  beat 

supplied  acts  directly  by  expansion  of  the  gas  upon  the  piston;   the 

fourth  is  indirect-acting,  the  expansion  of  the  gases  forces  up  the  piston, 

but  no  work  is  done  except  during  its  descent.     The  formula  for  calcu- 

T   -  T 

lating  the  maximum  theoretical  efficiency  is,  as  already  given,  — ^-= — ^,  in 

which  T^  represents  the  highest  absolute  temperature  attained  by  the 
gades,  Tq  the  temperature  (absolute)  to  which  they  fall  after  doing  work 

T    -  T 

on  the  piston,  and  1  -  —^ — ^  the  percentage  of  heat  utilised.     The 

same  formula  may  be  differently  stated,  thus — 

^     =c.(Ti-To) 


1  +  n 

or — The  total  quantity  of  heat  developed  by  the  explosion  of  the  gases  (Q) 
divided  by  the  weight  of  the  charge  (1  of  gas  plus  n  dilution  of  air)  is  equal 
to  the  highest  absolute  temperature  of  the  gases  T^,  less  the  lowest  abso- 
lute temperature  Tq,  multiplied  by  their  specific  heat  at  constant  volume  c^ 
The  specific  heat  of  the  gases  at  constant  volume  is  taken,  because  it  is 
assumed  that  the  whole  of  the  heat  is  added  before  the  piston  has  moved. 
From  the  quantities  of  heat  the  pressures  can  be  deduced,  according  to 
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T 
Boyle's  law.     Thus  p^=  p^rn  or — The  highest  pressure  p^  developed  by 

the  explosion  of  the  gases  is  equal  to  the  initial  pressure  p^,  multiplied 
by  the  ratio  between  the  highest  and  lowest  absolute  temperatures.  In 
the  following  formul»  the  pressures  are  omitted,  but  they  can  be  worked 
oat  by  the  student  from  the  temperatures. 

1.  The  first  type  of  gas  motor  is  the  direct-acting,  non-compression 
engine.     Here  the  gases  are  not  compressed  before  ignition,  but  are  ad- 
mitted into  the  cylinder  at  atmospheric  pressure  and  ordinary  tempera- 
ture.    All  the  heat  is  then  generated  at  once,  and  the  gases  expand, 
driving  the  piston  to  the  end  of  the  stroke.     The  best  example  of  this 
sequence  of  operations  is  furnished  by  the  original  Lenoir  engine  (see 
diagram,  p.  34).     In  its  cycle  there  are  three  important  temperatures — 
Tq  the  initial  temperature  of  the  gases  admitted  into  the  cylinder,  T^  the 
highest  temperature  during  explosion,  and   Tg  the  temperature  of  the 
gases  at  release,  after  they  have  done  work  on  the  piston.     In  theory  T^ 
should  be  equal  to  Tq — that  is,  the  gases  should  be  reduced  to  their 
original  atmospheric  temperature.     In  practice  this  is  never  possible, 
but  they  are  always  discharged  at  a  higher  temperature  than  T^.     Q 
represents  the  quantity  of  heat  added  from  the  source  of  heat  (in  heat 
units  or  calories),  Q«  the  quantity  discharged  to  the  exhaust,  Qe  the 
quantity  turned  into  work,  and  /  the  ratio  between  the  specific  heat  of 
the  gases  at  constant  volume  (c,)  and  at  constant  pressure  (Cp).     Thus — 

Q  =  c.(Ti-To). 

The  formula  for  actual  efficiency  E  of  this  class  of  engine  is — 

c,(T,-To)-Cp(Ta-To)_         ^/Ta-To\_         Q, 
'^-^        c,(Ti-To)  "^"^rXi-To;"*      Q 

2.  In  the  second  type  of  engine  the  gases  are  compressed  before 
ignition,  and  explosion  takes  place  at  constant  volume.  To  the  three 
temperatures  given  above,  and  always  to  be  taken  into  account  in 
estimating  the  heat  efficiency  of  any  engine,  the  compression  of  the  gases 
before  ignition  adds  a  fourth,  T3  =  temperature  of  compression.  Work 
being  done  on  the  gas  by  driving  the  particles  closer  together,  heat  must 
be  developed.  This  rise  in  temperature  is  calculated  by  multiplying  the 
original  temperature  T^  by  the  difference  in  the  volume  of  the  gases 
before  and  after  compression,  raised  to  the  power  of  the  ratio  of  the 
specific  heats  minus  1.  The  temperatures  are  here  obtained  from  the 
volumes,  according  to  Boyle's  law.  The  formula  for  calculating  this 
temperature  of  compression  is — 

1*406-1 --406 


T, 


-■(?) 


I 
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where  Vq  is  volume  before  compression,  v^  is  rolume  after  compressioiu 
The  Otto  four-cycle  engine  is  the  best  example  of  this  type  (see  diagram, 
p.  94).     Thus— 

Q  -  c. (Tj -  T,),        Q.  =  Cp(T,-  To),        Qo  =  Q  -  Q^ 

The  actual  efficiency  of  this  type  is — 

_c,(T^-T,)-Cp(T,-To)  ^/Tg-To\_         Q. 

c.(T,-T,)  '"^ITi-tJ-^"q; 

3.  The  third  type  represents  an  engine  in  which  the  gases  are 
compressed  before  ignition,  as  in  the  second  type,  but,  instead  of  explod- 
ing, they  bum  at  constant  pressure.  They  enter  the  cylinder  as  flame, 
and  drive  the  piston  forward,  not  by  the  force  of  the  explosion,  as  in  the 
two  former  types,  but  by  the  expansion  of  the  burning  gases.  It  seems 
at  flrst  as  though  this  type  ought,  in  accordance  with  the  theories 
hitherto  laid  down,  to  give  a  very  low  efficiency — that  is,  to  utilise  a 
very  small  proportion  of  the  heat  supplied  to  it,  because  there  is  a 
constant  temperature  of  combustion  during  the  forward  stroke,  instead 
of  an  instantaneous  temperature  of  explosion.  The  highest  temperature 
attained  is  not  very  great,  and  there  is  less  range  than  in  the  other 
types.  It  is,  however,  an  engine  giving  excellent  results  in  theory,  and 
it  is  difficult  to  understand  why  these  results  are  not  realised  in  practice. 
The  working  defects  are  attributed  chiefly  to  insufficient  compression. 
The  efficiency  depends,  not  on  the  highest  temperature  attained,  but 
upon  the  amount  of  compression,  and  the  greater  the  compression  the 
greater  the  heat.  In  this  class  of  engine,  therefore,  the  usual  rule  is 
reversed,  and  an  efficient  cycle  is  obtained  with  a  low  temperature  of 
explosion  T^.  The  best  example  of  this  type  is  the  Simon  engine  (see 
p.  51).  In  the  formula  the  ratio  of  specific  heat  does  not  appear,  because 
the  burning  gases  are  at  a  uniform  temperature  throughout  the  stroke, 
and  all  the  operations  are  effected  at  constant  pressure  : — 

Q  =  Cp(Ti-Ts).        Q.  =  c^(T,-To),        Qc  =  Q-Q.. 
Efficiency  E  =  ^^^^i"  ^»)  "  ^<^a~ '^o^  =  i  .  f^::!^^  =  E  =  ^. 

4.  Atmospheric  G-as  Engines. — To  this  class  belong  engines  in 
which  the  action  of  the  gas  upon  the  piston  is  indirect,  and  work  is 
obtained,  not  by  expansion,  but  by  the  formation  of  a  vacuum  under 
the  piston.  Theoretically,  this  type  is  the  most  perfect  of  all,  because 
of  the  high  explosion  pressure,  and  the  apparently  unlimited  expansion, 
but  this  great  expansion  can  never  be  utilised  in  practice.  A  piston 
of  undefined  length,  permitting  the  gases  to  expand  until  their  pressure 
falls  to  atmosphere,  would  be  necessary  to  utilise  fully  the  power 
developed,  and  this  is  impossible  under  working  conditions.     As  the 
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gases  are  not  previously  compressed,  there  is  no  temperature  of  compres- 
sion, but  another  temperature  must  be  reckoned,  T^  representing  the 
temperature  of  the  gases  after  the  exhaust  has  opened,  but  before  they 
are  compressed  by  the  atmosphere,  and  restored  to  their  original  con- 
dition.    The  heat  quantities  are  represented  by — 

Efficiency  E-l.g;f 5).  |. 

These  formulae  will  be  best  understood,  if  calculated  and  expressed  in; 
figures.  The  temperature  of  explosion  in  most  gas  engines  is  usually 
taken  at  from  1,000'  C.  =  1,273*  abs.  to  1,600*  C.  =  1,873*  abs.  The 
initial  temperature  is  commonly  assumed  to  be  from  about  12*  0  «  285* 
abs.  to  18*  C.  s  291*  abs.  The  initial  atmospheric  pressure  is  taken  at 
14*7  lbs.  per  square  inch ;  the  volume  of  the  cylinder  is  reckoned  in 
cubic  feet  or  cubic  metres.  In  an  experiment  made  on  a  4  H.P.  Otto- 
engine  by  Dr.  Slaby,  the  absolute  temperatures  were  computed  as 
follows : — 

Initial  temperature, Tq,  400°  C. 

Temperature  of  explosion, T^,  1,504"*  C. 

Temperature  at  opening  of  exhaust,                        .        •  Tj,  1,068°  C. 

Temperature  of  compression, T,,  400°  C. 

The  foregoing  table  gives  the  heat  balance  of  four  different  English 
engines,  showing  the  quantity  of  heat  developed,  and  the  proportions 
of  waste,  and  of  useful  work  obtained.  It  is  taken  from  Professor 
Kennedy's  trial  of  a  Beck  engine,  and  the  trials  of  the  Society  of 
Arts,  1888. 

The  actual  efficiency  calculated  numerically  (see  formula  of  the 
second  type)  h 


0102(1,504°- 400°) -0-264 (1,068° -400°)  _  ,      ,.o»tc/ 1.068°-  400°^ 
0-19S 

211-96 -176-36 


_ ,.,^^,       ,..,     ^^,,,,.^      ^^,  71,068° -400°\ 

0-192  (1,504° -400°)  '*''^U,604°- 400°/' 


or     E  =  —  21T-96  ~  ^'^^^  ^  ^  ~  ^'^'^^  ^  '^^  ~  ^^  ^^  ^^^' 

From  the  above  formulae  of  efficiencies,  it  is  evident  that,  in  order  to 
obtain  a  sufficient  fall  in  temperature,  it  is  of  great  importance  to 
keep  the  initial  temperature  of  the  gases  low.  In  theory  the  efficiency 
of  the. engine  depends  on  the  range  of  temperature,  and  the  lower 
the  initial  temperature,  and  the  higher  it  can  be  raised  by  explosion, 
the  better.  Much  stress  is  therefore  laid  by  all  authorities  upon 
introducing  the  gases  into  the  cylinder  at  as  low  a  temperature  as 
possible.     The  utilisation  of  the  heat  in  theory  depends  on  the  difference 
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between  the  maximum  temperature  and  the  temperature  of  admission*. 
In  practice,  however,  the  hotter  the  gases  (after  explosion),  the  greater 
-will  be  the  difference  in  temperature  between  them  and  the  cylinder 
avails;  consequently  the  waste  will  also  be  greater,  because  they  will 
part  with  more  heat  to  the  water  jacket.  To  obtain  an  economical 
ivorking  cycle,  all  losses  of  heat  should  be  reduced  as  much  as  possible^ 
These  are,  the  exposure  of  a  large  area  of  cylinder  surface  to  the  hot 
gases,  and  the  length  of  time  during  which  the  exposure  lasts.  The 
causes  to  which  waste  of  heat  are  attributed  will  be  studied  in  the- 
next  chapter. 
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CHAPTER    XVI. 
EXPLOSION  AND  COMBUSTION  IN  A  GAS  ENGINE. 

C0NTBNT8. — Definition  of  Terms — Rate  of  InflAmmability  in  Gases — EzperimeDts  by 
Bunsen,  Mallard  and  Le  Chatelier,  Berthelot  and  Vieille,  Witz,  Clerk — ^Boston 
Trials — Mathot's  Pressure  Recorder— Bairstow  and  Alexander — Experiments  on 
Products  of  Combustion,  Grover  —  Haber  —  Petavel  —  Burstall  on  Measure- 
ments of  Temperature — Gas  Engine  Research  Committee — Miinzel's  Criticisms 
— Meyer  on  Compression — Clerk  on  Internal  Combustion  Motors — Pre-ignition 
— Wall  Action  in  Gas  Engine  Cylinders — Loss  of  Heat — Variations  in  Expansion 
Curve  —  Stratification  —  Dissociation  —  Cooling  Action  of  Walls  —  Increase  of 
Specific  Heat — Movements  of  Heat — Effect  of  Time. 

The  phenomena  taking  place  and  work  obtained  in  a  heat  engine  have 
now  been  shown  to  depend  on  the  development  and  utilisation  of  heat. 
Since  heat  in  the  cylinder  is  obtained  by  the  ignition,  explosion,  and 
combustion  of  a  certain  quantity  of  air  and  gas,  the  character  of  these 
phenomena,  the  strength  of  the  explosion,  and  speed  of  propagation  of 
the  heat  through  the  gas,  are  of  the  utmost  importance.  For  many 
years  they  have  engaged  the  attention  of  scientific  men.  By  careful 
study  and  observation,  a  sufficient  number  of  exact  experimental  facts 
have  been  accumulated  to  determine  approximately  the  action  of  gas  in 
an  engine  cylinder. 

Deflnltion  of  T^rms. — Before  proceeding  to  consider  these  pheno- 
mena, it  will  be  well  to  define  the  different  expressions  generally  used. 
Four  terms  are  employed  to  denote  the  effects  produced  by  heat  in  the 
cylinder  of  a  gas  engine — I,  Ignition;  2,  inflammation;  3,  explosion; 
4,  combustion.  Ignition  takes  place  when  sufficient  heat  is  communi- 
cated by  a  flame,  electric  spark,  or  hot  tube,  to  the  gaseous  mixture  to 
fire  it.  Inflammation  is  the  subsequent  spreading  of  the  flame  through- 
out the  gas,  or  its  propagation  from  one  particle  to  another,  till  the 
whole  volume  is  alight.  Explosion  follows  when  the  mixture  is  com- 
pletely inflamed,  and  the  maximum  pressure  attained.  When  all  the  gas 
in  a  cylinder  is  thoroughly  alight,  the  particles  are  driven  widely  apart, 
and  thus  the  moment  of  complete  inflammation  will  also  be  that  of 
maximum  pressure.  Complete  inflammation  and  explosion  are  thus 
practically  simultaneous.  Combustion  is  complete,  when  all  the  chem- 
ical changes  have  taken  place,  and  the  gases  have  been  reconstituted 
as  water  vapour  (H2O)  and  carbon  dioxide  gas  (COg).     This  moment 
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may  not  coincide  in  point  of  time  with  explosion.  The  chemical 
recombination  of  the  gases,  and  consequently  the  evolution  of  all  the 
heat  contained,  is  almost  always  delayed  in  a  gas  engine  until  an 
appreciable  time,  or  fraction  of  a  second,  after  the  maximum  pressure 
is  developed,  and  the  piston  has  begun  to  move  out,  as  shown  by  the 
indicator  diagram. 

Velooity  of  Flame  Propagation — Bnnsen. — It  is  at  the  moment 

when    explosion  occurs  that  the   maximum   pressure   is   reached,  and 

probably   also  the  maximum   temperature. ''^    The   importance  of  thia 

temperature  has  been  proved  theoretically  in  the  preceding  chapter,  and 

many  experiments  have  been  made  to  determine  it,  because  it  marks  the 

rate  of  inflammation,  or  of  propagation  of  the  flame.     The  celebrated 

chemist,  Bunsen,  was  the  first  to  calculate  the  rate  of  flame  propagation 

— or  of  inflammability — ^in  a  gas.     He  confined  the  mixture  in  a  vessel 

having  a  very  small  orifice,  and  the  gas  was  ignited  as  it  passed  out. 

The  mouth  of  the  orifice  was  reduced  till  the  pressure  of  the  issuing 

flame  was  exactly  equal  to  that  of  the  gas  inside,  and  as  soon  as  the 

•  balance  of  pressure  was  established,  the  fiame  spread  back  till  it  had 

ignited  the  gas  in  the  vessel.     The  method  of  ignition  formerly  used 

in  the  Koerting  engine  was  somewhat  similar.     The  rate  at  which  the 

gas  issued  from  the  vessel  being  known,  the  speed  of  the  flame,  as 

propagated   back  through   the  mixture,  was  calculated   from   it.      By 

these   means   Bunsen  determined   the  velocity  of  propagation,  or  the 

inflammability  of  a  gaseous   flame.      With   a  mixture  of   2   volumes 

hydrogen  and   1  volume  oxygen,  he  found  it  to  be  34  metres  =111*5 

feet  per  second j  with  carbon   monoxide  it  was   I    metre  =,3*28   feet 

per  second. 

Mallard  and  Le  Chatelier. — Later  researches  have  shown  that 
these  figures  are  not  accurate.  The  instrument  then  used  could  not  be 
wholly  relied  on,  because  the  external  air  cooled  the  flame  as  it  issued 
from  the  orifice,  and  aflected  the  results.  A  series  of  elaborate  experi- 
ments were  carried  out  by  MM.  Mallard  and  Le  Chatelier  with  a 
long  tube  filled  with  an  explosive  mixture,  closed  at  one  end,  and 
communicating  through  the  other  'with  the  open  air.  The  period  of 
explosion,  or  the  time  occupied  by  the  flame  in  travelling  through  the 
tube,  was  marked  by  revolving  drums  and  tuning  forks,  the  latter  being 
the  best  instruments  for  measuring,  by  their  vibrations,  fractions  of  a 
second.  The  drums  revolved  on  the  same  shaft,  close  to  eitlier  end  of 
the  tube,  and  a  wavy  line  was  traced  upon  them  by  the  vibrations  of 
the  tuning  forks,  set  in  motion  by  the  explosion.     As  soon  as  the  gas  at 

*  Dr.  Slaby  says  that  "combustion  is  completely  ended  after  a  fractional 
portion  of  the  stroke,  from  0'03  to  0*06  of  a  second." — Oahrimetriache  UtUer' 
9uehungeny  p.  161.     The  latest  authorities  do  not  concur  in  this  opinion. 
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-one  end  of  the  tube  was  ignited,  it  moved  a  small  pencil,  and  marked 
the  drum  revolying  at  that  end.  A  second  pencil  made  a  similar 
mark  on  the  drum  at  the  other  end,  when  the  flame  had  passed 
through  the  length  of  the  tube.  The  distance  between  the  two  marks, 
measured  on  the  vibrating  line  traced  by  the  tuning  forks,  gave  the 
time  of  propagation  of  the  flame.  With  the  same  mixture  of  hydrogen 
4tnd  oxygen  as  that  used  by  Bunsen,  Mallard  and  Le  Chatelier  found 
the  velocity  to  be  20  metres  »  65*6  feet  per  second,  and  with  carbon 
monoxide  2*2  metres  =7*2  feet  per  second,  or  a  speed  double  that 
given  by  Bunsen. 

These  pure  explosive  mixtures  are  too  strong  to  be  used  in  a  gas 
engine,  as  air  is  necessary  to  dilute  the  gas,  and  the  mixture  becomes 
immediately  weakened  with  a  large  proportion  of  non-«xplosive  nitrogen. 
MM.  Mallard  and  Le  Chatelier,  therefore,  varied  the  strength  of  the 
mixture.  With  1  vol.  hydrogen  mixture  (i.e.,  2  vols,  hydrogen  to  1  of 
oxygen)  and  1  vol.  oxygen,  the  rate  of  flame  propagation  was  10  metres 
=  32*8  feet  per  second.  The  highest  velocity  was  found  to  be  the  mix- 
ture of  1  vol.  hydrogen  to  1  vol.  oxygen,  originally  used  by  Bunsen,  but. 
to  obtain  a  standard  for  the  dilution  commonly  employed  in  a  gas  engine, 
the  experimenters  combined  hydrogen  with  air  in  the  proportion  of  2 
vols,  hydrogen  to  5  of  air.  The  table  on  p.  319  (from  Clerk)  shows  the 
velocity  of  flame  with  hydrogen  and  various  volumes  of  air. 

In  these  experiments  the  explosive  mixtures  were  at  constant  pre- 
sure ;  the  end  of  the  tube  being  open,  the  ignited  gases  issued  from  it  in 
a  continuous  stream,  and  did  external  work  against  the  pressure  of  the 
atmosphere.  When  both  ends  of  the  tube  were  closed,  and  the  mixture 
was  ignited  at  constant  volume,  the  velocity  with  which  the  flame  was 
propagated  was  very  much  greater.  A  speed  of  1,000  metres  =  3,280 
feet  per  second,  instead  of  20  metres,  was  verified  with  hydrogen  explo- 
sive mixture  (2  vols.  H  and  1  vol.  O).  When  the  hydrogen  was  diluted 
with  air,  the  speed  was  300  metres  =  984  feet  per  second.  This  great 
difl*erence  in  the  rate  of  flame  propagation  is  attributed  by  MM.  Mallard 
and  Le  Chatelier  to  inflammation  taking  place,  not  only  by  the  projec- 
tion of  the  flame  from  one  particle  to  another,  but  by  the  expansion  of 
the  particles  through  the  heat  generated.  As  they  ignite,  they  rise  in 
temperature  and  pressure,  and  the  propagation  of  the  flame  is  thus 
.assisted.  When  the  mouth  of  the  tube  is  closed,  and  the  particles 
cannot  expand  freely  into  the  atmosphere,  the  ignited  portions  of  the 
gas  are  forcibly  projected  into  the  parts  not  yet  kindled.  These  experi- 
ments prove  the  greatly  increased  velocity  of  flame  propagation  when 
the  volume  of  the  gases  is  constant,  and,  therefore,  the  value  of  ignition 
.at  the  dead  point  in  a  gas  engine. 
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Table  oy  Ymloctsy  in  Diluted  Mixtukbs  {Mallard  and  Le  Chatdkr), 


Telocity 

Telocity 

per  Second. 

perSeooDcL 

Mixture  of  1  volume  hydrosen  and  4  volumes  air, 

2  metres. 

6*5  feet 

»    3 

2-8    „ 

91     „ 

,9   2t 

3-4    „ 

111     „ 

M       If 

41    „ 

13-4    „ 

»       14 

4-4    „  max. 

14*4    „  max. 

„       1 

3-8    „ 

12-4    „ 

»          i 

2-3    „ 

7-5    „ 

Berthelot  and  Vieille. — A  series  of  Taluable  experiments  were 

alao  carried  out  by  MM.  Berthelot  and  Yieille,  to  determine  the  rate  of 

flame  propagation  (or  of  complete  combustion,  since  in  this  case  the  two 

terms  are  synonymous)  of  gases  at  constant  Tolume  in  a  closed  vesse]. 

The  time  of  explosion  was  determined  in  receivers  of  three  different 

•capacities — ^namely,  300,  1,500,  and  4,000  cubic  centimetres.     Two  of  the 

▼esselB  were  cylindrical  and  the  third  spherical,  and  each  was  fitted  with 

-Sk  registering  piston.     At  either  end  they  terminated  in  a  short  tube ;  at 

the  further  end  of  one  an  electric  spark  was  produced  for  firing  the 

mixture,  the  other  contained  the  piston.     The  lengths  of  the  igniting 

tube,  the  cylinder,  and  the  tube  containing  the  piston  being  known,  the 

time  occupied  by  the  flame  in  passing  through  the  gas,  from  the  point 

■of  ignition  till  the  explosion  reached  and  forced  up  the  piston,  could  be 

calculated.     The  experiments  were   made  with  a  variety  of  chemical 

•compounds,  such  as  nitric  oxide,  cyanogen,  and  compounds  of  hydrogen, 

oxygen,  carbon,  and  nitrogen.      The  larger  the  capacity  of  the  vessel 

or  receiver,  the  longer  time  was  found  to  elapse,  with  every  mixture, 

between  the   ignition  of   the  gas  and  the    attainment  of   maximum 

pressure.      This   agrees  with  Gay-Lussac's  law,  since  the  smaller  the 

vessel  for  a  given  volume  of  gas,  the  greater  will   be   the  increase 

in  pressure  produced  by  the  high  temperature  of  ignition.     The  effect 

of  the  composition  of  the  mixture,  and  of  the  more  or  less  perfect 

combustion  obtained  by  adding  oxygen  in  exact  proportion  or  in  excess, 

were  also  noted. 

One  of  the  most  important  practical  results  of  these  experiments, 
with  regard  to  the  phenomena  in  a  gas  engine,  was  obtained  with  the 
products  of  combustion.  By  using  a  mixture  of  the  chemical  elements 
•contained  in  these  products,  and  observing  the  time  occupied  by  the 
projection  of  the  flame,  MM.  Berthelot  and  Yieille  proved  that  the  rate 
of  flame  propagation  in  such  compounds  was  slower  than  with  pure 
mixtures,  representing  the  fresh  charge  of  gas  and  air  in  a  cylinder. 
Dilution  with  the  exhaust  products,  therefore,  whether  advantageous  or 
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not,  must  retard  the  rate  of  oombustion,  because  these  products  contain 
an  excess  of  some  of  the  gases.     With  gases  not  perfectly  combined,  and 
where  combustion  is  incomplete,  the  rate  of  flame  propagation  was  found 
to  be  most  rapid,  perhaps  because  partial  dissociation  takes  place,  and 
retards  total  combustion.     MM.  Berthelot  and  Yieille  are  of  opinion 
that^  by  the  ignition  of  the  gas  and  the  high  temperature  produ^d  in 
the  closed  vessel,  what  they  term  an  "  explosive  wave "  is  formed,  the 
velocity  of  which  is  greatly  in  excess  of  the  ordinary  velocity  of  flame 
propagation.     It  is  generated  by  the  shock  of  igniting  a  large  portion  of 
the  inflammable  gas  at  once;  the  flame  is  propagated  with  a  velocity  due 
to  the  shock,  almost  as   great  as   the    velocity  of  combustion.      For 
hydrogen,  the  velocity  of  this  explosive  wave  is  2,810  metres  =  9,216  feet 
per  second ;  for  carbon  monoxide,  it  is  1,689  metres  =  5,539  feet  per  seconds 
Wits. — Valuable  as  these  theoretical  determinations  are  in  studying 
the  theory  of  combustion,  practical  experiments  are  needed  to  calculate 
the  actual  result  of  generating  heat  in  a  gas,  by  combustion  in  an  engine 
cylinder.     With  this   object,  Professor  Witz   undertook  a  number  of 
valuable  experiments  to  illustrate  the  action  of  ordinary  lighting  gas, 
when  mixed  with  various  proportions  of  air,  and  ignited.    He  also  desired 
to  show  the  influence  of  nitrogen  in  affecting  injuriously  the  true  rate  of 
flame  propagation.     In  MM.  Berthelot  and  Yieille's  experiments,  the  gas 
was  always  at  constant  volume,  and  no  expansion  was  possible.     M. 
Witz  used  an  ordinary  cylinder  and  piston,  and  the  charge  was  allowed 
to  expand  freely.    The  first  tests  were  made  with  a  mixture  of  carbon  mon- 
oxide and  air ;  the  calorific  value  at  given  temperatures  of  each  chemical 
element  was  previously  determined.     A  basis  being  thus  obtained  for 
exact  computation,  lighting  gas  was  used  for  the  rest  of  the  trials,  and 
the  differences   in  chemical    composition    neglected.      Professor   Witz 
attached  a  tuning  fork  to  the  indicator  diagram,  in  order  to  measure,  not 
only  the  pressure  developed  by  the  explosion,  but  the  fractions  of  a 
second  before  the  maximum  pressure  was  attained.     Taking  the  ratio  of 
this  time  to  the  length  of  stroke  of  the  piston,  he  reckoned  the  speed 
of  expansion  thus — 

Length  of  stroke  in  feet  ,    -  .      •    *    ^  j 

^-     ^. ^ — : ; -T-  =  speed  of  expansion  in  feet  per  second. 

Duration  of  explosion  in  seconds        r  r  r 

Calculating  the  work  done  from  the  area  of  the  diagrams,  and  its 
ratio  to  the  theoretical  work  obtained  from  the  number  of  calories  in  a 
given  volume  of  gas  and  air.  Professor  Witz  found  that  the  percentage 
of  work  actually  done  increased  in  proportion  to  the  speed  of  expansion. 
Some  of  the  results  of  his  able  experiments  made  with  lighting  gas  mixed 
with  varying  proportions  of  air  are  summed  up  in  the  table  on  p.  321. 

In  both  these  series  of  experiments,  the  volume  of  the  charge  was  the 
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same— namely,  2*081  litres  «  0*73  cubic  foot.  The  richness  of  the 
mixture,  the  length  of  stroke,  and  the  duration  of  the  explosion  varied. 
Fig.  123  shows  a  diagram  of  the  expansion,  with  the  vibrations  below  of 
the  tuning  fork  used  as  a  measure 
of  time.  Each  vibration  corre- 
sponds to  ^  of  a  second.  The 
diagram  gives  the  pressures  and 
volumes,  the  lower  waves  mark 
the  time  occupied  in  expansion. 
The  atmospheric  line  Ha;  shows 
that  expansion  was  continued 
to   below    atmospheric   pressure. 

From   these    and    many    similar 
^ .         X      -D    r  fTT-x     I.  Fig.  123.— Witz  Time  Diagram- 

experiments,  Professor  Witz  has  *  ^ 

formulated  the  two  following  laws  concerning  the  expansion  of  gases  : — ' 

I.  The  utilisation  of  the  heat  supplied  to  the  engine  increases  with 
the  speed  of  expansion. 

II.  The  greater  the  speed  of  expansion,  the  more  rapid  will  be  the 
combustion  of  the  explosive  mixtures. 

EXPKSIMBNTS  or  PBOFESSOB  WfTZ  ON  ToWN  GaS,   WrTH  CONSTANT 

MixTURB  or  1  Volume  Gas  to  9*4  Volumbs  Air. 


[Vol.  of  mixture,  2*081  litres.] 

Duration  of 

ExploaloD  in 

metlonB  of  a 

Second,  taken 

from 

length  of 

Stroke  of 

Piston. 

Speed, 

Metres  per 

Second. 

Theoretical 
Work. 

Work  calcu- 
lated from  the 
Diagrams. 

Utilisation  or 
Per  Cent,  of 
Work  done. 
Ratio  of  col- 

Diagrams. 

a. 

b. 

a 

d. 

e. 

e 

KiUogram- 

KiUogram- 

Second. 

MilUmetret. 

Metres. 

metres.* 

metres. 

Percent 

0-48 

122 

0*26 

446 

5*3 

1*2 

0-47 

127 

0-27 

446 

6*3 

1*2 

0*40 

127 

0-32 

446 

7*0 

1-6 

0-39 

132 

0*34 

446 

6*6 

1*4 

0-31 

140 

0*45 

446 

7-8 

1*7 

0-23 

147 

0-64 

446 

10*8 

2*4 

[1  Litre  =  61*025  cub.  ins.] 


Mixture  or  1  Volume  Gas  to  6*33  Volumes  Air. 
[Vol.  of  mixture,  2*081  litres.] 


015 

259 

1*7 

633 

17-6 

2*7 

0-09 

259 

2*9 

633 

40*1 

6*2 

0*06 

259 

4*3 

633 

50*6 

7*9 

0*06 

269 

4*8 

633 

50*7 

9*3 

*  1  kilogrsmmetre  is  1  kilogramme  x  1  metre  =  2*20  lbs.  x  3*28  feet  or  7*2  foot- 
lbs,  of  work  done  per  second  (see  p.  271  >. 
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This  speed  of  expansion,  which  the  above  table  shows  to  have  so 
important  an  effect  on  the  proportion  of  actual  to  theoretical  work. 
Professor  Witz  considers  to  be  only  the  expression  under  another  form 
of  the  great  influence  of  the  walls,  and  their  cooling  action  upon  the  hot 
gases.  *<The  maximum  explosive  pressure,"  he  says,  *' depends  on  the 
ratio  of  the  cooling  surfiace  of  the  receiver  (or  cylinder)  to  the  volume  of 
the  gas.'  In  his  opinion,  nearly  all  the  differences  between  the  action 
of  the  gases,  in  theory  and  in  practice,  in  the  cylinder  of  an  engine, 
which  have  hitherto  been  so  difficult  to  account  for,  may  be  attributed  to 
the  effect  of  the  walls. 

Clerk. — Mr.  Dugald  Olerk  was  led  by  his  experiments  to  almost  the 
same  conclusions  as  Professor  Witz,  though  he  approached  the  subject 
from  another  point  of  view.  He  considered  that,  to  understand  the 
action  of  gas  in  a  cylinder,  it  was  necessary  to  determine,  not  only  the 
time  required  to  attain  maximum  pressure,  but  also  the  duration  of  this 
pressure.  As  it  is  the  force  of  the  explosion  which  produces  effective 
pressure  on  a  piston,  it  seems  as  if,  the  stronger  the  mixture  employed, 
the  more  useful  within  working  limits  will  be  the  effect ;  but  experience 
has  shown  this  view  to  be  erroneous.  The  greater  amount  of  work  is 
obtained  from  the  mixture  giving  the  maximum  pressure,  in  proportion 
to  the  surfaces,  and  maintaining  that  pressure  during  the  longest  period 
of  the  stroke.  The  higher  the  explosive  pressure  and  temperature 
generated,  the  more  rapidly  will  heat  be  carried  off  by  the  cylinder  walls, 
and  this  is  one  reason  for  the  difference  between  theory  and  practice  in 
an  engine  cylinder.  Theoretically  the  highest  explosive  pressures  are 
the  best ;  but  in  practical  working  they  are  not  found  the  most  effective 
for  power. 

Mr.  Clerk's  experiments  were  made  with  a  small  cylinder  without  a 
piston,  filled  with  different  explosive  mixtures,  connected  to  an  indicator, 
the  drum  and  paper  of  which  were  made  to  revolve  so  that  each  tenth  of 
a  revolution  occupied  0*033  second.  The  pressure  of  the  explosive  gases 
forced  up  the  indicator  pencil,  and  by  dividing  the  area  of  the  moving 
drum,  on  which  the  pencil  traced  curves,  into  sections,  the  time  occupied 
by  the  explosion,  and  cooling  or  reduction  of  pressure  of  the  gases,  could 
be  estimated  within  y^  of  a  second.  On  this  diagram  the  ordinates 
represented  pressures,  and  the  abscissse  the  time  of  explosion  in  fractions 
of  a  second.  The  maximum  explosive  pressure  was  developed  in  a  closed 
vessel,  and  therefore  at  constant  volume ;  and  the  cylinder  having  no 
piston,  no  heat  was  expended  in  doing  work.  The  diagrams  showed  that 
the  pressures  of  the  gases  fell  much  more  slowly  than  they  rose.  The 
maximum  pressure  was  produced  in  0*026  second  after  ignition  ;  the 
fall  to  atmospheric  pressure  and  temperature  occupied  1*5  seconds,  or 
nearly  60  times  as  long.     Without  previous  compression  of  the  gases. 
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the  highest  pressure  obtainable  with  a  dilution  of  I  part  gas  to  5  parts 
air  was  only  96  lbs.  per  square  inch  ;  with  compression  and  a  much 
weaker  mixture,  this  pressure  was  nearly  doubled.  The  "  critical 
mixture,"  or  the  weakest  dilution  of  gas  and  air  that  will  ignite,  varied 
According  to  the  quality  of  the  gas  used.  With  Oldham  gas  a  charge  of 
1  part  gas  to  15  of  air  ignited,  and  the  pressure  produced  was  40  lbs.  per 
square  inch  above  atmosphere.  With  Glasgow  gas  the  critical  mixture 
was  14  of  air  to  1  of  gas,  and  the  pressure  produced  was  52  lbs.  per 
square  inch. 

To  determine  the  best  mixture  for  use  in  a  non-compressing  gas 
engine  Mr.  Clerk  supposed  1  cubic  inch  of  gas  to  be  diluted  with  air  in 
the  ratio  of  13,  11,  9,  7,  and  5  cubic  inches,  and  these  mixtures  to  be 
Admitted  into  cylinders  having  pistons,  the  areas  of  which  per  square 
inch  were  in  proportion  to  the  strength  of  the  dilution.  Thus  the  charge 
of  14  cubic  inches — viz.,  1  volume  gas  to  13  volumes  air — ^would  be 
admitted  into  the  cylinder  having  a  piston  surface  of  14  square  inches, 
the  depth  of  the  mixture  in  the  cylinder  being  always  1  inch.  The 
maximum  pressure  and  time  of  explosion  of  these  mixtures  were  as 
follows : — 


EXPIKIMENTS  BY  Mb.   GlSBK  ON  EXPLOSION  AT  CONSTANT  VOLUMX  IN  A  ClOSSD 

Vbssiel  without  Piston.    Mixtubbs  or  Aib  and  Glasgow  Coal  Oas. 


Mixtorea  lued. 

Kazimtun  PreMure 

Above  Atmosphere  In 

Iba.  per  iq.  iDoh. 

Time  of  Bzploalon, 

or  time  elaptlnff  between 

Ignition  and  Maximum 

Preisare. 

1  volume  gas  plus  13  volumes  air, 

*       »j           i»        ^1            ft 
1       >i           ff         "           i» 
*»>»>'            i»                • 

62  lbs. 

63  „ 
69  ., 

89  » 
96  „ 

0'28  second. 
018       „ 
0-13       ., 
007       „ 
006      „ 

Temperature  before  explosion,  18**  C.  = 

291**  abs.      Pressa 

re  before  explosion. 

atmospheric. 

The  highest  pressures,  giving  respectively  756  lbs.  and  728  lbs.  upon 
the  total  piston  area,  were  obtained  with  a  dilution  of  11  and  13  volumes 
of  air  to  1  of  gas.  The  stronger  mixtures  gave  lower  pressures,  because 
^being  contained  in  smaller  cylinders)  the  pressure,  to  a  uniform  depth 
of  1  inch,  was  exerted  over  a  smaller  piston  surface.  Taking  one-fifth  of 
a  second  as  the  mean  time  occupied  by  the  piston  in  making  its  forward 
4Btroke,  the  pressure  of  each  gas,  when  that  time  had  elapsed  after  the 
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attainment  of  maximam  pressare,  was  then  computed  from  the  indicator 
diagram.  Multiplying  this  pressure  by  the  piston  area,  the  weakest 
mixtures  gave  the  highest  relative  pressures  at  this  point  in  the  stroke, 
showing,  according  to  the  following  table,  that  these  weak  mixtures 
maintained  their  pressures  longest : — 


Ex 


T8  BT  Mb.  CucaK  ok  Mixtubbs  or  Aib  and  Glasgow  Gas  at 
Constant  Volumb  {wUh  same  Apparatus), 


Hlztnie. 

PreMnre 
prodnoedoD 

piston  by 
1  cab.  In.  gas. 

Prsuure  in 
Ibt.  peraq. 

in.,  0-a) 

aecond  alter 

max.  ims. 

Preaaore 

remaining 

npon  piaton 

araaO'fiOaec. 

preaanre. 

Praaaore. 

1  Yolume  gas  plus  13  yolumes  air, 

^       If          »>        **         »» 
I       »>          »»         "         >» 
*       »»           »          7          ft 
I       >»           >»          5          ,, 

728  lU. 
756    „ 
690    „ 
712    „ 
576    „ 

43  lbs. 
48    „ 
47    „ 
55    „ 
57    „ 

602  lbs. 
576    „ 
470   „ 
440    „ 
342    „ 

666  lbs. 
686    „ 

580   „ 
676    „ 
459    „ 

In  experiments  with  pure  hydrogen  diluted  with  air,  the  pressures 
were  much  lower  than  with  gas.* 

Boston  Experiments. — Trials  were  also  carried  out  in  1898  at  the 
Engineering  Laboratory  of  the  Massachusetts  Technological  Institute,. 
Boston,  to  determine  the  interyal  of  time  in  tenths  of  a  second 
elapsing  between  ignition  and  the  attainment  of  maximum  pressure,  and 
also  the  pressure,  at  each  twelfth  of  a  second,  of  explosive  mixtures  of 
lighting  gas  and  air  in  various  proportions.  The  pressures  were  shown 
on  indicator  diagrams,  while  a  marker  attached  to  a  tuning-fork  traced 
simultaneously  a  time  wave  line  of  vibrations  equal  to  one-sixtieth  of  a 
second.  The  explosions  took  place  in  a  cast-iron  cylindrical  vessel  with- 
out a  piston,  of  310  cubic  inches  volume,  to  which  a  mercurial  gauge  for 
recording  the  pressures,  an  air  and  a  vacuum  pump,  and  two  electric 
batteries  for  firing  the  charge  and  keeping  the  tuning-fork  in  vibration, 
were  connected.  The  pressure-recording  apparatus  consisted  of  an  indi- 
cator paper  fixed  on  a  circular  revolving  disc  driven  at  a  uniform  speed, 
on  which  by  a  special  arrangement  the  tuning-fork  traced  a  succession  of 
contiguous  lines.  Thus  the  time  and  pressure  lines  were  recorded  simul- 
taneously, the  atmospheric  line  and  the  diagrams  of  pressure  both  being 
circular.     Only  the  pressures  obtained  during  the  first  fifth  of  a  second 


*  For  farther  details  see  The  Gas  Enffine,  Dagald  Clerk,  pp.  95  to  104,  fifth, 
edition. 
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were  studied,  as  in  that  time  an  ordinary  gas  engine  has  completed  its 
stroke. 

To  determine  the  pressures  the  cylinder  was  first  thoroughly  cleansed, 
then  connected  only  to  the  vacuum  pump,  and  the  air  exhausted  to  about 
one-sixth  of  an  atmosphere.  Into  the  partial  vacuum  thus  formed,  giving 
A  pressure  of  5  inches  of  mercury,  gas  was  admitted,  and  the  pressure 
raised  to  atmospheric,  thus  producing  a  mixture  of  1  part  of  gas  to  5  of 
■air.  The  charge  was  then  fired  electrically,  the  tuning-fork  set  in  vibra- 
tion, and  diagrams  of  pressure  were  taken.  The  proportion  of  gas  to  air 
eould  be  varied  by  the  vacuum  in  the  pump.  In  the  original  paper  the 
results  obtained  for  mixtures  of  from  3  to  14  parts  by  volume  of  air  to  1 
of  gas  are  given  in  a  table.  During  one  second  the  moment  of  explosion, 
and  of  attainment  of  maximum  pressure  and  of  mean  pressure  for  each 
twelfth  of  a  second,  were  recorded,  and  the  pressure  also,  noted  for  each 
sixtieth  of  a  second.  The  maximum  pressure,  and  time  required  to  attain 
it,  the  mean  and  final  pressures  for  the  first  fifth  of  a  second  of  the  stroke, 
and  for  the  fifth  of  a  second  after  maximum  pressure,  were  tabulated. 
The  mean  and  final  pressures  divided  by  the  proportion  of  gas  to  air  show 
the  relative  powers  of  the  mixtures,  and  their  power  to  resist  cooling. 
The  highest  maximum  pnessure,  96  lbs.  per  square  inch,  was  obtained 
with  1  part  of  gas  to  5  of  air ;  highest  mean  pressure,  66  lbs.  per 
square  inch,  and  higheat  relative  pressure,  with  1  to  7  of  gas  and  air. 
A  mixture  of  I  to  11  of  gas  and  air  gave  the  highest  mean  pressure 
in  proportion  to  the  gas  used,  during  the  fifth  of  a  second  after  maxi- 
mum explosion,  and  also  the  maximum  final  pressure,  or  resistance 
to  cooling.  The  highest  mean  pressure,  in  proportion  to  the  gas  burnt, 
-530  lbs.  per  square  inch,  was  produced  with  a  mixture  of  1  of  gas  to 
.9  of  air. 

Mathot's  .Explosion  Beoorder. — For  the'  purposes  of  such  experi- 
iments,  a  iMeful  little  instrument  has  been  invent^  by  M.  Mathot,  of 
Brussels,  to  record  continuously  the  number  of  explosions  in  an  engine 
cylinder,  in  the  same  way  as  the  pressures.  The  apparatus,  which  is 
mounted  on  the  explosion  chamber  of  the  engine,  consists  of  a  small 
vertical  water-jacketed  cylinder,  the  piston  and  rod  of  which  are  con- 
nected to  a  small  pointer  above  it.  A  drum  at  the  side  carries  a  strip  of 
paper,  which  is  continuously  unrolled  by  means  of  clockwork  mechanism, 
^e  motion  of  the  drum  and  paper  is  horizontal,  that  of  the  pointer 
vertical.  The  force  of  each  explosion  in  the  motor  cylinder  throws  up 
the  piston  of  the  small  cylinder,  and  with  it  the  pointer,  which  traces  a 
series  of  vertical  lines  on  the  paper,  each  corresponding  in  height  to  the 
strength  of  the  explosion  recorded.  A  stationary  pointer  marks  at  the 
aame  time  the  line  of  atmospheric  pressure  on  the  paper  as  it  unrolls. 
The  piston  is  brought  back  into  position  by  a  spring.     The  clockwork 
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regulating  the  horizontal  tnoTexnent 
of  the  paper  over  the  drum  is  set- 
in  accordance  with  the  number 
of  reTolutionB  of  the  engine  tested. 
By  means  of  this  ingenious  little 
instrument  it  is  possible  to  study 
the  working  of  an  engine,  and  to 
take  count  of  the  number  of  ex- 
plosions and  of  miss-fires,  the  initial 
and  maximum  pressure  of  each 
explosion,  the  order  in  which  they 
succeed  each  other,  and  the  speed 
of  the  engine.  Fig.  124  shows  a- 
diagram  of  explosions  taken  from 
the  Stockport  engine  tested  by  M. 
Mathot,  and  mentioned  at  p.  105. 

Experiments  to  determine  the 
cooling  action  of  the  walls  on  the 
maximum  pressure  of  explosion 
hare  been  made  by  Messrs.  Bair- 
stow  and  Alexander.  As  in  the 
Boston  tests,  the  mixtures  were 
formed  by  pumping  a  partial 
vacuum  in  the  cylinder,  and  ad- 
mitting gas  to  fill  it,  then  sufficient 
air  to  raise  the  charge  to  atmo- 
spheric pressure ;  it  was  then  fired 
electrically.  With  a  ratio  of  *225 
of  gas  to  air,  and  no  compression,, 
maximum  pressures  of  50  to  92 
lbs.  per  square  inch  were  obtained. 
If  the  air  was  admitted  gently, 
and  the  mixture  allowed  to  stand, 
it  was  difficult  to  procure  an  ex- 
plosion; but  it  was  easily  exploded 
if  the  air  was  pumped  in  rapidly. 
When  mechanically  stirred  a  mix- 
ture of  '215  of  gas  to  air,  which 
would  not  explode  before,  gave 
pressures  of  90  and  88  lbs.  per 
square  inch. 

To  determine  the  cooling  effect 
of  the  cylinder  walls,  the  duration 
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of  explosion  was  varied  by  applying  the  igniting  spark  at  the  end  of  a 
telescoping  tube,  the  length  of  which,  and  thus  the  time  of  ignition, 
could  be  regulated.     With  a  mixture  of  '17  of  gas  to  1  of  air,  the  time 
of  explosion  was  "035  of  a  second  with  a  firing  tube  8  inches  long, 
and  one-tenth  of  a  second  with  a  tube  2  inches  or  with  one  16  inches 
long.     With  weaker  mixtures  explosion  lasted  from  one-quarter  of  a 
second  with  a  maximum  pressure  of  185  lbs.  per  square  inch,  to  1*8 
seconds  with  a  pressure  of  1 18  lbs.     In  intermediate  tests  it  was  found 
that  the  quicker  the  explosion,  the  higher  were  the  pressures.     Yaria- 
tiona  in  the  maximum  pressures  decreased  in  proportion  to  the  richness 
of  the  mixtures.      This  was  attributed  to  less  difference  between  the 
cooling  action  of  the  walls  and  the  increase  of  heat  in  the  cylinder, 
due  to  less  dissociation  of  COj,  the  loss  and  gain  of  heat  tending  to 
counterbalance  each  other.     Corrections  of  10  per  cent,  and  less  were 
made  for  cooling,  calculated  from  the  difference  in   the  areas  of  the 
pressure   diagrams,  and    from   them   a   new   value   for  the   maximum 
pressures,  with  allowance  for  cooling,  was  obtained.     The  weaker  the 
mixture  used,  the  smaller  was  the  difference  between  the  actual  and  the 
calculated  pressures.     With  the  richest  mixtures  giving  high  pressures, 
this  difference  was  attributed  by  the  authors  wholly  to  dissociation,  and 
with  weaker  mixtures  and  lower  pressures,  to  the  cooling  action  of  the 
vessel,  because  at  the  temperature  of  1,200*"  0.  developed  with  these  mix- 
tures dissociation  of  the  CO^  does  not  occur.     The  method  of  firing  at  the 
end  of  a  tube  was  found  to  cause  the  line  traced  by  the  explosion  curve 
to  fluctuate  considerably,  especially  at  the  beginning  of  strong  explosions. 
The  fluctuations  occurred  earlier  or  later  in  the  explosion  line,  according 
to  the  length  of  the  tiring  tube. 

Bxperiments  on  Products  of  Combustion — Grover. — ^An  in- 
teresting series  of  experiments  were  carried  out  at  Yorkshire  College, 
Leeds,  in  1895,  by  Mr.  Grover,**^  upon  the  pressures  obtained  with  ex- 
plosive mixtures  of  coal  gas  and  air,  when  diluted  with  the  products  of 
former  combustion.  The  apparatus  used  was  a  closed  vertical  cast-iron 
cylinder  without  piston,  of  1  cubic  foot  capacity.  A  charge  was  fired 
electrically,  the  temperatures  were  taken  by  a  thermometer,  and  the 
pressures  recorded  by  a  Crosby  indicator  with  continuously  revolving 
drum,  driven  by  clockwork.  The  time  was  marked  by  a  vibrating  spring 
producing  a  wave  every  eighth  of  a  second.  A  certain  proportion  Of  the 
previous  charge  being  retained,  half  the  volume  of  air  required  for  dilu- 
tion was  then  introduced,  next  the  charge  of  gas,  and  lastly  the  remainder 
of  the  air.  The  author  considers  that,  in  a  gas  engine  cylinder,  the  gas 
and  air  are  more  perfectly  mixed  with  each  other  than  with  the  residual 

*  See  his  paper  on  "  The  Effects  of  the  Products  of  Combustion  upon  Explosive 
Mixtures  of  Coal  Gas  and  Air,''  reprinted  from  The  Practical  JShigineer,  1895. 


.328  GAS,  OIL,  AND  AIR  ENGINES. 

charg&  With  58  per  cent,  by  volume  of  the  products  left  in  the  cylinder, 
he  found  that  the  limit  .of  inflammability  was  reached,  and  no  ignition 
could  be  obtained.  He  was  also  of  opinion  that  it  is  the  ratio  of  air  to 
gas  alone  which  determines  the  force  of  the  explosion,  and  he  oonlLrmed 
Mr.  Clerk's  experiments  that,  when  this  ratio  is  less  than  5*7,  the  charge 
will  not  ignite.  The  different  data  obtained  are  carefully  plotted  in  curves 
and  diagrams,  and  from  them  the  author  deduces  the  following  important 
conclusions  : — ^That  the  highest  pressures  are  obtained  when  the  volume 
of  fresh  air  admitted  is  only  a  little  more  than  that  required  for  complete 
combustion ;  that  this  proportion  should  never  be  more  than  5^  times 
that  of  the  gas,  but  if  this  ratio  is  preserved  the  charge  may  be  diluted 
up  to  58  per  cent,  with  the  products  of  combustion;  that  the  latter 
should  always  take  the  place  of  an  excess  of  air,  not  of  the  air  required 
for  diluting  the  gas ;  and  when  they  thus  replace  an  excess  of  air  the 
time  of  explosion  is  much  reduced. 

The  amount  of  exhaust  products  left  to  mix  with  the  incoming 
charge  also  influences  its  composition,  according  to  the  action  of  the 
governor.  As  pointed  out  by  Mr.  Clerk,  if  the  governor  reduces  the 
volume  of  the  fresh  mixture,  while  the  volume  of  the  exhaust  products 
remains  the  same,  the  charge  will  be  more  diluted,  and  combustion 
slower.  As  the  fresh  charge  alone  comes  in  contact  with  the  ignition 
port,  ignition  is  practically  certain,  but  the  flame  will  spread  more 
slowly.  Whether  the  governor  varies  the  quantity  or  the  quality  of 
the  charge  its  effect,  by  retarding  the  maximum  pressure  and  tempera- 
ture of  explosion,  cannot  be  ignored.  Professor  Boulvin  also  observes 
that  when  the  governor  acts  by  cutting  out  explosions,  it  does  not  at 
the  same  time  control  the  water  circulation,  and  as  much  heat  is  carried 
off  from  the  cylinder  as  when  an  explosion  at  each  motor  stroke  is 
obtained.  If  the  gas  supply  alone  is  suppressed,  cold  air  is  admitted, 
and  also  tends  to  cool  the  cylinder,  and  reduce  the  thermal  efficiency. 

Experiments  on  similar  lines  were  made  in  1895  by  Haber.  He 
started  with  the  assumption  that  with  a  mixture  containing  one  part 
of  gas  to  six  of  air,  1  '8  per  cent,  of  methane  found  in  the  exhaust  showed 
that  30  per  cent,  of  the  methane  passed  unconsumed  through  the 
cylinder,  with  15  per  cent,  resulting  loss  of  heat.  Samples  of  the  gases 
from  two  Deutz  engines,  one  with  a  slide  valve  and  "  hit-and-miss " 
governing,  the  other  with  lift  valves  and  a  graduated  cam,  were  drawn 
off  about  2i  feet  behind  the  exhaust  valve,  and  the  proportions  of  CO, 
H,  and  CH^  they  contained  were  determined.  With  the  latter  engine 
at  half  load,  and  with  the  admission  valve  half  open,  the  volumetric 
percentage  of  the  three  gases  in  the  exhaust  was  about  equal.  At  full 
load,  with  fully  open  admission  valve,  only  traces  of  these  gases  were 
found.     When  the  engine  was  run  with  a  full  load,  or  with  no  load,  the 
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first  charge  after  several  missed  explosions  did  not  ignite.  The  slide 
valve  engine  gave  similar  results.  Indicator  diagrams  taken  from  it 
showed  that  the  first  explosion  after  two  misses  gave  a  much  flatter 
diagram  than  the  second,  which  yielded  the  same  diagram  as  the  lift 
valve  engine.  There  is  certainly  a  connection  between  this  flattened 
line  of  combustion  and  weaker  explosion,  and  the  appearance  of  the 
combustible  gases  in  the  residuum.  The  loss  of  heat,  calculated  from 
the  quantity  and  chemical  composition  of  the  combustible  gases  in  the 
exhaust,  is  5  to  6  per  cent.,  with  one-third  load  on  the  brake.  In 
later  experiments  on  the  same  subject,  the  exhaust  gases  were  sampled 
by  weight  instead  of  by  volume,  a  method  which,  in  Professor  Meyer's 
opinion,  gives  much  more  accurate  results.  A  similar  method  was 
adopted  by  him  (see  p.  335). 

Mr.  Petavel,  of  Victoria  University,  has  studied  the  action  of  gas 
and  air  mixtures,  when  compressed  to  a  pressure  of  70  atmospheres 
=  995  lbs.  per  square  inch.  Pressures  of  explosion  were  thereby  pro- 
duced of  4  to  5  tons  per  square  inch,  with  a  ratio  of  air  to  gas  of  about 
6  to  1.  With  such  high  pressures,  Mr.  Petavel  found  that  the  loss  of 
heat  did  not  increase  in  the  same  ratio  as  the  density  of  the  gaseous 
mixtures,  but  at  a  lower  rate.  Boughly  speaking,  if  a  gas  be  compressed 
to  one-hundredth  its  initial  volume,  the  loss  of  heat  to  the  walls  would 
be  only  six  times  greater  than  without  compression. 

It  is  to  Professor  Borstall  that  the  best  method  of  measuring  the 
temperature  in  the  cylinder  of  a  gas  engine  during  the  explosion  stroke 
is  due.  It  had  previously  been  found  impossible  to  determine  these 
very  high  temperatures,  owing  to  their  rapid  variations,  and  the  high 
pressures  developed.  After  many  trials  Mr.  Burstall  succeeded  by 
means  of  a  modified  form  of  Callendar's  electrical  thermometer,  con- 
sisting of  a  naked  platinum  wire,  0*0025  inch  diameter  and  |  inch  in 
length.  A  small  thermal  capacity  was  essential,  as  during  one  stroke, 
occupying  less  than  one-quarter  of  a  second,  the  temperature  varies 
500*C. 

The  wire  was  introduced  into  the  cylinder  by  means  of  a  steel  tube, 
through  which  leads  passed  to  the  measuring  instruments.  The  changes 
of  electrical  resistance  produced  by  changes  of  temperature  in  the  wire 
were  measured  by  means  of  a  Wheatstoue  bridge  and  mirror  galvano- 
meter. The  thermometer  was  calibrated  by  determining  its  resistance 
in  ice,  steam,  and  sulphur  vapour.  By  special  means  the  galvanometer 
circuit  was  closed  at  any  particular  point  of  the  explosion  stroke.  The 
electrical  resistance  of  the  wire  at  that  part  having  been  determined, 
the  corresponding  temperature  was  deduced.  In  the  original  paper  in 
the  PhUo80phical  Magazine  for  September,  1895,  the  temperature  results 
are  plotted,  and  may  be  summarised  as  follows : — In  a  7  H.P.  single 


330  OAS,  OIL,  AKD  AIR  BNGINBS. 

ojlindtr  Otto-Croulej  engine,  of  8}  inchea  cylinder  diameter  snci  18 
inches  ■troke,  working  «t  130  revolution!  and  13  explosions  per  minnte, 
the  temperature  in  the  centre  of  the  clearance  space  varied  during  the 
motor  stroke  from  1,200*  0.  at  10  per  cent,  to  650°  C.  at  80  per  cent,  of 
the  stroke. 

Q«8  Bngiii*  B«Maroh  Oommlttae— ProfsMor  Borstall's  Teats. 
—■These  trials  have  been  undertaken  hj  a  Committee  of  the  English 
Institution  of  Uech&nical  Engineers  to  determine  the  effect  produced 
on  the  eoonomjr  of  a  gas  engine  b;  varying  the  speed,  degree  of  compres- 
sion, ratio  of  gas  to  air,  and  heat  rejected  to  the  walls — t.e.,  lost  to  the 
cooling  jacket  The  Oommittee  consider  that  it  is  impossible  to  estimate 
the  economy  to  be  obtained  from,  say,  increased  compression  in  interns! 
combustion  engines,  unless  the  other  working  conditions  are  varied  snc- 
oessirely,  and  only  one  at  a  time.     In  most  of  the  experiments  hitherto 


Fig.  1 25.  ^Experimental  Gai  Engine— Burstall'a  Teats.  1898,  1001. 
published  one  only  of  the  set  of  conditions  has  been  altered,  all  the 
others  remaining  constant,  as,  for  instance,  in  Professor  Witz's  teste  on 
the  influence  of  speed.  Trials  of  gas  engines  are  much  needed,  in  which 
a  given  series  of  conditions  are  systematically  varied,  one  at  a  time.  In 
these  tests  great  care  was  taken  to  obtain  trustworthy  results,  the 
accuracy  of  any  trial  being  limited  by  the  most  inaccurate  of  the  instru- 
ments employed. 

The  experimental  6  I.H.F.  gas  engine  built  by  Messrs.  Fielding  & 
Piatt  was  worked  at  half  power  during  the  first  set  of  trials  under  vary- 
ing conditions  of  speed,  compression,  and  richness  of  the  chai^  It 
is  of  the  ordinary  four-cycle  type,  hiirizontal,  with  8 -inch  cylinder 
diameter  and  12-iDoh  stroke,  and  is  governed  on  the  "hit^nd-miss" 
principle.  To  vary  the  size  of  the  compression  space,  a  packing  piece, 
called  a  "junk  ring"  in  the  drawing  (see  Fig.  125),  was  either  bolted 


GAS  ENGINE  RESEARCH  COMMITTEE.  33 1 

to  the  back  of  the  piston  or  remored,  and  compression  of  the  charge 
from  35  to  90  lbs.  per  square  inch  was  thus  obtained.     All  the  tests 
were  made  with  lighting  gas.     The  quantity  of  gas  admitted  per  stroke- 
was  regulated  by  throttling,  and  the  speed  varied  from  250  to  ISC' 
revolutions  per  minute,  by  altering  the  weights  on  the  governor.     The 
gas  was  measured  from  a  holder  of  100  cubic  feet,  its  pressure  deter- 
mined  by    a  U-gauge,  and  its  temperature  by  placing  the  bulb  of  a 
thermometer  in  the  supply  pipe.     The  air  was  measured  through  a 
meter,   into  which  it  was  forced  by  a  blower,  and  the  pressure  and 
temperature  taken  as  before.     The  heat  rejected  to  the  jacket  water  was 
determined  from  the  quantity  and  temperature  of  the  latter  in  and  out. 
The  exhaust  gases  were  sampled  and  analysed.     As  it  was  found  difBcult- 
to  get  a  true  sample  unmixed  with  air,  a  single  bubble  of  gas  was  taken 
from  the  exhaust  valve  immediately  after  each  explosion,  by  means  of 
a  small  electrical  relay.     A  contact  was  fixed  to  the  valve,  and  the  latter 
as  it  lifted  closed  the  circuit  and  opened  a  small  needle  valve,  which 
allowed  one  bubble  of  gas  to  pass  to  a  receiver  containing  mercury.     The 
gas  was  thus  sampled  continuously  and  automatically.     A  Wayne  in- 
dicator, with  a  rotating  piston,  was  used  in  the  trials,  and  the  diagrams 
were  traced  on  a  sheet  of  mica  coated  with  smoke.     Both  indicator  and 
spring  were  carefully  tested,  and  readings  to  within  a  thousandth  of  an 
inch  obtained.    In  these  earlier  experiments  the  engine  worked  with  hot- 
tube  ignition  without  a  timing  valve. 

Sixteen  trials  were  made  under  these  conditions.  Table  No.  2  at 
the  end  of  the  book  gives  a  summary  of  them,  arranged  in  order  of  merit- 
of  thermal  efficiency  per  B.H.P.  The  compression  of  the  charge  varied 
from  52  to  105  lbs.  per  square  inch,  with  a  maximum  initial  pressure  of 
118  to  286  lbs.;  the  thermal  efficiency,  or  percentage  of  heat  turned  into 
^ork  on  the  brake  to  the  heat  given  to  the  engine,  varied  from  17  per 
cent,  to  9*5  per  cent,,  the  maximum  being  obtained  at  a  speed  of  107 
revolutions  per  minute,  and  a  compression  pressure  of  103  lbs.  per 
square  inch  absolute. 

In  the  second  series  of  tests  the  air  was  measured  by  a  wet  meter, 
and  the  charge  fired  by  electricity.  Ignition  was  obtained  from  a  spark 
produced  by  breaking  a  low  potential  circuit  inside  the  cylinder.  A 
careful  system  of  insulation  by  means  of  mica  discs  was  arranged.  The 
moving  contact  breaker  was  worked  through  a  bell  crank  lever  from  the 
exhaust  cam,  and  was  found  to  give  perfectly  satisfactory  results,  no 
failures  to  ignite  having  occurred  during  trials  extending  over  two  years. 
All  other  working  conditions  were  the  same  as  before.  The  tests  were 
carried  out  with  successive  comprefisions  of  55,  71,  93,  and  124  lbs.  per 
square  inch  absolute.  Each  set  was  started  with  practically  the  theo- 
retical minimum  amount  of  air  required  to  ignite  the  gas,  and  the  ratio 
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of  air  to  gas  was  then  gradually  increased.  In  the  first  three  series^ 
4kt  55,  71,  and  93  lbs.  compression  pressures,  the  ratio  varied  from  5*5  to 
about  II ;  in  the  set  at  highest  pressure  the  gas  was  diluted  with  from 
6*5  to  about  12  times  its  volume  of  air.  The  ratio  was  determined  by 
calculating  the  volume  of  air  from  the  calculated  temperature  at  the  end 
of  the  suction  stroke,  assuming  the  cylinder  to  be  then  filled  only  with 
air  and  gas,  and  also  from  the  COg  in  the  exhaust  gases,  but  this  method 
was  not  considered  wholly  satisfactory  by  the  experimenters. 

In  Professor  Burstall's  opinion,  these  experiments  prove  that 
variations  in  the  specific  heats  of  CO^,  oxygen,  nitrogen,  and  water 
vapour  occur  at  high  temperatures,  as  shown  by  Mallard  and  Le  Chate- 
lier,  and  adopts  their  values,  which  in  Professor  Meyer's  opinion  are 
somewhat  too  high.  Valuable  formulae  will  be  found  at  p.  9  of  the 
original  Report,  for  calculating  the  theory  of  the  gas  engine  on  the 
assumption  of  variable  specific  heats.*  "These  experiments,"  says  the 
Reporter,  '*  would  tend  to  prove  that  for  maximum  economy  the  expan- 
sion should  be  nearly  an  adiabatic."  As  no  trace  of  carbon  monoxide 
was  discovered  in  the  exhaust  gases,  notwithstanding  repeated  tests,  the 
conclusion  was  drawn  that  combustion  did  not  take  place  in  the  exhaust 
pipe,  in  this  experimental  engine.  The  temperatures  were  taken  accord- 
ing to  the  method  of  electrical  resistance  already  described,  as  used  by 
Professors  Burs  tall  and  Callender,  and  a  full  description  is  given  in  the 
Report.  With  these  very  delicate  instruments,  a  range  of  temperature 
in  the  cylinder  itself  was  verified,  in  one  case  amounting  to  200"*  C, 
between  the  temperature  of  the  innermost  core  and  that  close  to  the 
walls.  The  existence  of  such  a  variation  throughout  the  cylinder  has 
long  been  suspected  (see  p.  347);  if  it  could  be  experimentally 
established^  it  would  naturally  afiect  the  temperatures  as  now  calculated 
from  the  pressures,  volumes,  and  exhaust  temperatures.  A  selection  of 
sixteen  of  these  later  trials,  taking  the  highest  and  lowest  in  thermal 
efficiency  for  each  series,  and  tabulating  them  in  the  same  way  as  was 
done  by  the  author  for  the  former  tests,  has  been  added  to  Table  2. 

Miinzel. — In  criticising  this  Second  Report,  Herr  MUnzel  (late  of 
the  Gas-Motoren  Fabrik,  Deutz)  objects  to  the  use  of  so  small  an  engine, 
because  as  the  ratio  of  cylinder  volume  to  wall  surface  varies  greatly,  ac- 
•cording  to  the  size  of  the  engine,  the  data  obtained  with  a  small  motor,  do 
not  in  every  respect  apply  to  a  large  one.  Professor  Meyer's  trials  were  also 
carried  out  on  a  small  engine.  The  difficulty  of  submitting  a  large  motor, 
especially  if  driven  with  power  gas,  to  the  exhaustive  tests  made  by 
Professors  Burstall  and  Meyer,  has  hitherto  prevented  such  trials  being 

*  Calculations  of  the  effioienoies  in  a  gas  engine  with  varying  and  constant 
specific  heats  will  also  be  found  in  Professor  Schimanek's  ' '  Yersuche  mit  Verbren- 
nungs-motoren,"  Zeiischrift  des  Vereinee  deutscher  Ing^nieure,  vol.  xlvii. 
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undertaken.     In  the  Burstall  tests  the  exhaust  valve  was,  in  Miinzel's 
opinion,  placed  so  low  in  the  cylinder  that  some  of  the  lubricating  oil 
must  have  been  blown  out  at  discharge,  in  which  case  either  the  piston 
would  work  dry,  and  increase  the  frictional  resistance,  or  if  much  oil 
were  supplied,  it  would  be  gasified,  and  show  a  higher  than  the  actual 
heat  efficiency.     Electric  ignition  by  magneto-induction  is  now  universal 
ahroad,  and  MQnzel  considers  that  the  method  employed  in  these  trials 
would  not  work  well  in  an  engine  run  continuously,  because  the  project- 
ing   steel  rods  become  overheated,   and   cause  pre-ignition.     He  also 
deprecates  governing  on  the  '^  hit-and-miss  "  principle,  and  takes  excep- 
tion to  the  method  of  reducing  the  compression  space  and  increasing 
compression.     A  projecting  piece  added  to  the  piston  has  an  injurious 
effect  upon  the  cycle,  because  it  takes  up  much  of  the  heat  of  combustion, 
affects  the  quantity  of  gas  and  air  drawn  in,  and  sometimes  produces 
premature  ignition.     It  is  the  compression  space  itself  which  should,  if 
possible,  be  diminished  in  size.     ''  Without  knowing  the  exact  chemical 
composition  of  the  gas,  I  have  found,"  he  says,  ''  that  the  most  advan- 
tageous compression  stands  in  a  certain  connection  with  the  heating 
value   of  the  gas,  as  shown   by  a  Junkers  calorimeter.     .     .     .     The 
best  ratio  of  air  to  gas  may  be  determined  by  fixing  a  throttle  valve 
in  the  air  pipe,  and  adjusting  it  until  the  minimum  quantity  of  gas, 
at  maximum  load,  is  found." 

Meyer  on  Compression. — As  compression  has  the  greatest  infiuence 
on  the  efficiency  of  a  gas  engine,  Professor  Meyer  undertook  a  large 
number  of  experiments  to  test  the  efiect  of  varying  it.     The  first  were 
made  at  Hanover,  on  an  8  H.  P.  horizontal  Deutz-Otto  engine  driven  by 
town  gas,  and  having  a  cylinder  diameter  of  7*8  inches,  stroke  11*8  inches. 
Normal  number  of  revolutions  220  per  minute.     The  piston  worked 
between  guides,  having  a  special  crosshead  arrangement,  so  that  the 
volume  of  the  compression  space  could  be  varied  by  varying  the  length  of 
the  connecting-rod,  and,  in  order  still  further  to  reduce  the  compression 
space,  plates  were  fixed  to  the  end  of  the  piston.     The  charge  was  fired 
by  a  hot  tube  carefully  adjusted  to  prevent  premature  or  retarded  igni- 
tion, whatever  the  degree  of  compression  used.     The  quantity  of  gas 
admitted  was  regulated  by  a   sliding  cam,  acted  on  by  the  governor 
according  to  the  load  on  the  brake.     Thus  the  infiuence  of  variations  in 
the  composition  of  the  charge  was  tested.     The  speed  was  varied  in  the- 
usual  way.     The  gas  and  air  were  measured  through  meters,  the  air 
being  blown  in  by  a  fan ;  in  the  later  experiments  the  fan  was  dispensed 
with.     The  temperature  of  the  cooling  water  was  taken  in  and  out ;  that 
of  the  exhaust  gases  was  determined  by  a  Le  Chatelier  pyrometer. 

Table  No.  3  at  the  end  of  the  book  gives  a  summary  of  twelve  of  these 
interesting  experiments,  arranged  in  order  of  merit  of  heat  efficiency  per 
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B.H.P.,  by  the  author,  and  showing  that  the  higher  the  compreasion  of 
the  charge  the  higher  the  heat  efficiency.  This  varied  from  a  maxim  urn 
of  19^  per  cent,  to  a  minimum  of  13  per  cent,  per  B.H.P.  In  other 
words,  the  best  results  show  that  of  the  heat  given  to  the  engine,  one- 
fifth  was  turned  into  useful  power  at  the  end  of  the  crank  shaft.  As  a 
series  these  experiments  are  very  instructiTe,  and  the  author  was  fortun- 
ately able,  when  at  Hanover,  to  see  the  engine  on  which  they  were  made. 

Other  later  experiments  with  practically  the  same  arrangements  were 
carried  out  by  Professor  Meyer  at  €k>ttingen  in  1899,  to  determine  the 
difference  in  power  of  running  an  engine  under  the  same  working  condi- 
tions with  lighting  and  with  power  gas.  They  were  made  on  a  10  H.P. 
Deutz  engine  with  electric  ignition;  the  moment  of  firing  the  charge 
could  be  retarded  or  anticipated  at  will.  The  gas  producer  was  of  the 
usual  type  with  a  boiler."  In  some  of  the  tests  the  gases  from  the 
furnace  were  passed  through  a  regenerator,  and  heated  the  air  drawn 
in  by  the  steam  jet.  Under  these  conditions  the  gases  generated  con- 
tained 8 '8  per  cent,  more  heat  than  when  cold  air  was  supplied,  because 
ibe  fiiel  (coke)  yielded  a  larger  quantity  of  gas  per  unit  weight. 

In  the  main  trials  the  size  of  the  compression  space  was  varied  as 
before,  the  total  cylinder  volume  being  successively  3*84,  4*59,  and  4-98 
times  larger  than  that  of  the  compression  volume.  At  these  different 
■compressions  the  load  and  the  ratio  of  air  to  gas  were  varied,  other 
conditions  remaining  uniform.  With  lighting  gas  of  582  B.T.U.  per 
•cubic  foot  the  consumption  was  22*9  cubic  feet  per  B.H.P  hour  with  the 
highest  compression,  and  24*5  cubic  feet  with  the  lowest.  With  power 
gas  of  about  135  B.T.U.  per  cubic  foot,  the  consumption  was  106  cubic 
feet  per  B.H.P.  hour  with  the  highest,  and  138  cubic  feet  with  the  lowest 
•compression.  All  the  data  in  these  trials  were  most  carefully  worked 
out,  and  should  be  studied.  A  selection  of  eighteen,  arranged  on  the 
«ame  lines  as  the  earlier  tests,  has  been  added  at  Table  No.  3a. 

The  conclusions  Professor  Meyer  draws  from  them  are — Firstly,  that 
the  diminution  in  work  done  by  the  gases  which  is  due  to  the  heat  lost 
to  the  cylinder  walls  and  water  jacket  is  relatively  small,  and  is  not  much 
affected  by  the  type  of  engine  ;  secondly,  that  ignition  should,  as  far  as 
possible,  be  at  the  dead  point ;  but  if  it  falls  a  few  degrees  of  the  crank 
•circle  before  or  after,  the  work  done  will  not  be  greatly  influenced. 
Lastly,  like  other  authorities,  he  repeats  that  the  consumption  of  gas 
depends  chiefly  on  the  degree  of  compression,  and  the  engineer  can 
reduce  it  almost  at  will  by  increasing  the  compression,  so  long  as  pre- 
ignition  is  avoided.  If,  however,  of  two  engines  working  at  the  same 
compression  and  same  load,  one  shows  a  higher  consumption  of  gas  than 
the  other,  it  must  be  attributed  to  imperfect  combustion,  the  charge  of 
gas  and  air  not  being  so  well  mixed.     *'  It  is  certain,"  he  says,  "  that  at 
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present,  especially  in  engines  driven  with  poor  gas,  large  quantities  of 
gas  pass  nnbumt  through  the  cylinder.  The  efficiency  of  many  gas 
motors  could  be  improved  chiefly  by  avoiding  the  losses  due  to  imperfect 
combustion,  and  by  the  exercise  of  greater  care  in  mixing  the  fresh 
-charge  as  it  enters  the  cylinder." 

Subsidiary  experiments  were  made  at  the  same  time  to  determine 
the  effect  of  varying  the  quantity  of  lubricating  oil.  It  was  found  that 
the  higher  the  temperature  of  the  walls,  the  larger  the  quantity  of  oil 
passing  to  the  cylinder,  because  more  heat  being  developed,  the  oil 
became  thinner,  and  flowed  more  readily,  although  the  size  of  the  orifice 
did  not  vary.  The  consumption  of  gas  (and  therefore  of  heat  units)  per 
I.H.P.  was  scarcely  affected  by  profuse  lubrication,  but  per  B.H.P.  it 
was  much  lower.  Professor  Meyer  considers  that  both  the  consumption 
of  lubricating  oil  and  the  temperature  of  the  walls  have  a  marked  effect 
on  the  consumption  of  gas  |)er  B.H.P.,  although  the  indicated  heat 
-efficiency  may  be  the  same.  If  too  much  lubricating  oil  is  supplied,  it 
probably  bums  with  the  gas. 

An  important  part  of  these  experiments  consisted  in  tests  made  under 
Professor  Meyer's  direction  on  the  composition  of  the  exhaust  gases,  to 
determine  from  them  whether  combustion  were  completed  in  the  cylinder. 
The  constituents  of  the  gases  were  absorbed  by  successive  reagents,  and 
the  gases  weighed  before  and  after;  they  were  also  burnt  in  a  platinum 
capillary  tube.  They  were  drawn  off  in  a  vacuum  immediately  behind 
the  exhaust  valve,  the  utmost  care  being  taken  to  obtain  representative 
samples.  The  composition  of  the  lighting  and  power  gas  was  also  detei^ 
mined.  From  a  large  number  of  samples,  Professor  Meyer  concludes 
that  in  the  engine  tested  with  lighting  gas,  from  3  to  5  per  cent,  of  all 
the  heat  given  to  the  engine  was,  at  normal  load,  lost  by  imperfect  com- 
bustion, and  passed  out  at  exhaust;  at  about  half-load  the  loss  was  in- 
creased to  15  per  cent.  With  power  gas  the  composition  of  the  exhaust 
gases  was  much  less  uniform  ;  at  about  three-quarter  load  they  showed  a 
loss  of  heat  due  to  imperfect  combustion  of  13  per  cent. 

These  trials  mark  an  initial  stage  in  that  thorough  study  of  gas 
engines,  which  is  needed  to  determine  the  best  degree  of  compression 
with  a  given  ratio  of  air  to  gas,  and  a  uniform  speed,  on  an  engine  of 
given  size,  type,  and  power.  The  object  of  all  experiments  should  be 
to  fix  the  conditions  for  obtaining  from  any  engine  the  maximum  of 
work  on  the  brake  per  unit  of  heat  supplied  in  the  gas.  The  ratio 
of  air  to  gas  must  vary  with  the  heating  value  of  the  gas,  which  differs 
greatly  in  various  towns  and  places. 

Mr.  Dugald  Olerk  has  devoted  many  years  of  study  to  the  subject 
of  combustion  in  a  gas  engine,  and  is  one  of  the  leading  authorities  on 
its  theoretical  as  well  as  practical  aspects.     The  theory  of  internal  com- 
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bustion  motors  rests  ultimately  on  a  knowledge  of  the  amount  of  heat 
converted  into  work.  In  a  yaluable  paper*  lately  (1904)  contributed 
by  Mr.  Clerk,  he  has,  to  elucidate  the  subject,  drawn  up  a  table  which 
should  be  contrasted  with  the  one  given  at  p.  313.  In  this  later  table 
nine  typical  engines  are  compared,  from  a  small  Deutz  engine  tested  by 
Slabyin  1882  to  the  Urge  Cockerill  tested  by  Witz  in  1900,  and  a 
Crossley  by  Humphrey.  The  heat  turned  into  indicated  work  rose  in 
these  trials  from  16  per  cent,  in  the  earliest  to  28  and  over  30  per  cent, 
in  the  latest ;  the  heat  lost  to  the  jacket  water  fell  from  51  to  24*2  per 
cent.,  while  the  heat  rejected  in  the  exhaust  gases  rose  from  31  to  48 
per  cent.  In  the  large  single  cylinder  Oockerill  engine  the  heat  turned 
into  indicated  work  was  28  per  cent.,  heat  lost  to  the  jacket  52  per  cent., 
heat  rejected  in  the  exhaust  gases  20  per  cent,  showing  practically  the 
same  percentage  of  heat  given  up  to  the  walls  as  in  the  earlier  engines, 
but  a  large  gain  in  indicated  work,  due  to  the  smaller  quantity  of  heat 
discharged  at  exhaust 

To  understand  the  reason  for  this  gain  in  efficiency,  a  closer  know- 
ledge of  the  properties  of  the  gaseous  charge  is  required.  Taking  as  a 
standard  an  imaginary  engine  worked  with  pure  air,  and  assuming  that 
its  specific  heat  does  not  vary  with  the  changes  in  temperature,  Mr. 
Olerk  calculates  the  efficiencies  to  be  obtained  by  varying  the  comprea- 
sion  space  from  one-half  to  one-hundredth  the  cylinder  volume.  In  the 
first  case  the  ideal  efficiency  works  out  at  24  per  cent,  and  with  a  com- 
pression to  one-tenth  the  original  volume  it  rises  to  61  per  cent.  In 
actual  engines  working  with  a  temperature  range  of,  say,  1,000^  C.  and 
1,600*  C.  to  100**  C.  and  0'  C,  the  loss  in  efficiency  with  the  highest 
compression  is  76  per  cent  as  compared  with  the  ideal  engine.  This  is 
probably  partly  accounted  for  by  the  still  obscure  question  of  variation 
in  the  ratios,  at  high  temperatures,  of  specific  heat  at  constant  volume 
and  at  constant  pressure.  At  p.  273  this  ratio  is  given  as  1*4,  but  in 
modem  engines  it  is  more  often  1*3,  and  sometimes  falls  even  lower. 
The  reason  for  this  is  that,  in  modern  engines,  the  whole  of  the  heat  is 
not  evolved  at  the  moment  of  ignition,  but  is  apparently  added  during 
the  forward  stroke,  causing  the  expansion  curve  to  fall  more  slowly  than 
if  it  were  a  pure  adiabatic.  Whether  this  phenomenon  is  due  to  an 
increase  in  the  specific  heat  at  high  temperatures,  both  of  air,  and  of 
the  gaseous  charge  in  the  cylinder,  is  still  doubtful.  According  to  Mr. 
Clerk  it  is  necessary  to  assume  either  that  the  specific  heat  ia  constant, 
and  combustion  continues  during  the  expansion  stroke,  or  that  combus- 
tion is  instantaneous,  and  the  specific  heat  varies }  either  would  cause 
the  actual  to  fall  below  the  ideal  efficiency.     '^  That  heat  is  added,''  he 

*  Clerk  on  "Internal  Combustion  Motors,"  "James  Forrest"  Lecture,  ifin» 
Proc.  Inst,  C,  Eng,,  voL  clvii.,  Part  iv. 
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says,  "during  expansion  in  many  cases  does  not  seem  to  be  open  to 
doubt ;  but  how  much  heat  is  added  depends  upon  a  knowledge  of  the 
chemical  histoty  of  the  working  fluid  within  a  period,  in  a  large  engine, 
of  about  ^  second,  and  in  a  small  motor-car  petrol  engine  within  a 
period  of  ^  to  ^  second." 

From  the  two  series  of  experiments  made  by  Professor  Meyer  in 
Germany  and  Professor  Burstall  in  England  Mr.  Clerk  draws  up  useful 
tables,  showing  the  deviations  in  the  actual  efficiencies  from  his  theoreti- 
cal air  standard  efficiency.  In  Professor  Meyer's  earlier  tests  the  decrease 
was  58  per  cent.,  in  Professor  Burstall's  it  varied  from  38  to  59  per  cent. 
It  should  also  be  noted  that  the  character  of  the  working  agent  under- 
goes a  change,  one  set  of  chemical  substances  being  transformed  into 
another  by  the  process  of  combustion,  and  therefore,  in  Mr.  Clerk's  opinion, 
their  specific  heats  must  also  vary.  Former  experiments  having,  how- 
ever, proved  that  the  expansion  curve  falls — that  is,  the  gases  are  cooled 
— more  rapidly  in  the  case  of  a  rich  than  of  a  weak  mixture,  Mr.  Clerk 
maintains  that  heat  is  added  during  expansion  in  some  other  way  than 
can  be  accounted  for  solely  by  the  change  of  specific  heat.  Not  only 
do  different  gaseous  mixtures  cool  at  different  rates,  they  also  show  an 
increase  or  contraction  in  volume.  A  mixture  of  two  volumes  of  alcohol 
and  six  volumes  of  oxygen  produced  by  combustion  four  volumes  COj 
and  six  volumes  H^O,  thus  increasing  one-fifth  in  volume.  Acetylene, 
on  the  other  hand,  when  mixed  with  one  and  a  half  times  its  volume 
of  oxygen,  is  reduced  one-seventh  by  combustion. 

Fre-Igkiition. — Mr.  Clerk  endorses  the  conclusions  of  other  scientific 
men  that  the  smaller  the  compression  space,  or  the  higher  the  compres- 
sion of  the  charge,  the  greater  the  efficiency  obtained.  The  effect  of  this 
in  large  gas  engines,  however,  as  already  shown,  is  frequently  to  cause 
premature  ignition.  It  is  still  doubtful  to  what  extent  the  gaseous 
mixtures  now  used  in  an  engine  cylinder  may  be  safely  compressed, 
without  being  fired  before  the  dead  point.  In  oil  engines  the  density  of 
the  charge  does  not  affect  the  question  to  the  same  extent,  since  both 
petrol  and  alcohol  will  bear  a  higher  compression  than  heavy  oils. 
Yarious  methods  of  overcoming  the  difficulty  of  pre-ignition  have  been 
adopted,  such  as  the  scavenger  charge  of  air,  water  injections  (see  the 
Banki  engine)  and  the  compression  of  air  only,  as  in  the  Diesel. 

The  injection  of  water  into  the  cylinder  before  ignition  has  received 
comparatively  little  attention  in  England.  One  writer  considers*  that 
it  is  likely  to  become  of  importance  in  the  future,  although  the  idea  is 
no  longer  held  that,  by  being  converted  into  steam,  it  increases  the  power. 
GThe  higher  efficiencies  now  obtained  in  gas  engines  have  been  the  result 
of  increased  compression,  and  among  other  methods  of  rendering  these 
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higher  oompressioiu  (Kwaible  mast  be  reckoned  the  admiflsiou  of  water 
into  the  cylinder.  The  practical  utility  of  it  in  raising  the  limit  of  com- 
pression,  and  hence  the  thermal  efficiency,  has  been  demonstrated  in  the 
fi^nki  and  in  several  alcohol  engines.  The  water  vapour  generated 
probably  acts  by  dilating,  and  by  retarding  the  rise  in  temperature  of 
the  explosive  mixture.  To  show  its  e£fect  in  an  engine  automatically 
fired,  the  writer  suggests  that  a  plate  be  fastened  to  the  back  of  the 
piston  in  such  a  way  as  to  reduce  the  capacity  of  the  compression 
chamber.  Premature  ignition  will  then  occur,  but  if  water  be  injected 
at  each  stroke,  and  the  quantity  regulated,  the  moment  of  ignition  can 
be  controlled,  and  either  retarded  or  advanced. 

Professor  Meyer  is  of  opinion  that  pre-ignition  may  be  caused  by 
some  foreign  substance,  such  as  caked  oil,  asbestos,  or  even  by  a  part  of 
the  cylinder  not  sufficiently  within  reach  of  the  water  cooling.  Possibly 
also,  part  of  the  charge  left  in  the  passages  bums  so  slowly  that  it  is  not 
wholly  burnt  when  the  new  charge  enters.  If  these  causes  of  pre- 
ignition  could  be  eliminated,  higher  compressions  than  are  now  usaal 
might  be  employed.  On  the  other  hand,  even  if  the  cylinder  walls  be 
unduly  cooled,  this  will  not  prevent  complete  combustion,  if  sufficient 
oxygen  is  present  to  bum  with  the  gas.  If  the  gas  valve  is  opened  so 
late  during  the  admission  stroke  that  the  gas  has  not  time  to  mix 
thoroughly  with  the  air,  and  the  flame  to  reach  it,  combustion  will  not 
be  complete,  and  this  imperfect  mixing  of  the  charge  may  be  one  reason 
for  the  phenomenon  of  heat  evolved  during  the  expansion  stroke.  It  is  of 
the  utmost  importance  for  complete  combustion  at  the  dead  point,  which 
both  theory  and  experience  have  shown  to  be  necessary,  that  the  gas 
should,  on  its  admission,  find  sufficient  air  in  its  immediate  vicinity  to 
burn  with  it.  Professor  Meyer  has  himself  observed  the  phenomenon 
mentioned  by  M.  Petr^ano  of  ,a  flame  striking  out  of  the  exhaust  valve 
when  the  exhaust  pipe  was  taken  off,  and  he  attributes  it  mainly  to 
particles  of  gas  which  had  escaped  combustion,  and  ignited  on  coming  in 
contact  with  the  outer  air. 

A  new  method  of  avoiding  pre-ignition  has  been  introduced  by  Mr. 
Olerk,  consisting  of  the  admission  of  a  small  charge  of  air  at  the  end  of 
the  compression  stroke.  The  effect  of  this  arrangement  is  to  reduce  the 
flame  temperature  (or  the  temperature  at  the  moment  of  ignition),  which 
is  always  high  in  large  gas  engines,  and  to  raise  the  mean  pressure 
throughout  the  expansion  stroke.  The  air  serves  to  increase  the  volume 
and  pressure  of  the  charge,  and  to  diminish  its  temperature  and  inflam- 
mability. Upon  a  '^  National "  engine  designed  on  these  lines  (see  p.  119) 
Mr.  Clerk  has  made  exhaustive  experiments,  both  air  and  cooled  exhaust 
products  being  admitted  to  produce  an  additional  artificial  pressure 
ot'    one  atmosphere  in  the    cylinder.      By    this    means    he    increased 
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the  indicated  thermal  efficiency  of  the  engine  from  28*7  to  34*4  per 
•oentb,  and  improved  the  hrake  efficiency  from  25  to  27*5  per  cent. 
The  flame  temperature  was  at  the  same  time  reduced  from  about 
1,700*  0.  to  1,200*  C,  and  the  mean  pressure  increased  from  89  to  110 
'lbs.  per  sq.  inch.  These  results  appear  to  show  that  engineers  should 
direct  their  efforts  to  reducing  instead  of  neutralising  the  actual  flame 
temperatures,  while  increasing  the  pressures.  There  is  still  considerable 
•difficulty  in  determining  both  the  flame  and  what  is  known  as  the 
**  suction  "  temperature  of  the  charge  in  the  cylinder. 

Useful  experiments  on  the  temperature  of  the  cylinder  walls  have 
been  made  by  Herr  Koerting.*  The  jacket  of  an  engine  was  pierced 
in  three  places  by  holes  penetrating  to  the  inner  cylinder  wall,  which 
were  filled  with  mercury,  and  thermometers  plunged  into  them ;  thus 
-the  temperatures  in  the  cylinder  at  varying  loads  were  known.  The 
engine  tested  was  a  Koerting  two-cycle.  One  hole  was  pierced  in 
the  exhaust  ports  in  the  centre  of  the  cylinder,  the  second  at  the  end 
of  the  cylinder,  and  the  third  between  them.  The  temperatures,  taken 
-every  quarter  of  an  hour  to  half  an  hour,  were: — In  the  exhaust 
port,  at  one-quarter  load  156^  0.,  at  full  load  170*  0. ;  at  the  end 
of  the  cylinder,  at  one-quarter  load  75*  C,  at  full  load  94^  0. ;  in  the 
intermediate  hole,  at  one-quarter  load  57^  C,  at  full  load  63*  C. 
Koerting  considered  that  the  temperatures  in  the  compression  space 
4kre  probably  much  higher  than  these,  but  less  difficult  to  deal  with, 
because  expansion  is  amply  allowed  fbr.f 

Wall  Aotion  in  Gaa-Engine  Cylinders. — All  these  researches  tend 
to  show  that  the  causes  of  loss  of  heat,  and  consequent  waste  of  heat 
energy,  depend  largely  upon  the  total  internal  area  of  the  cylinder 
exposed  to  the  gaseous  mixture.  The  less  this  area  for  a  given  cylinder 
<volume,  the  higher  will  be  the  pressure.  Therefore  the  more  the  action 
of  the  walls  can  be  diminished  during  the  development  of  the  heat,  the 
more  certain  and  rapid  will  be  the  explosion,  and  the  greater  the  pressure 
of  the  gas.     This  result  can  be  obtained  in  three  ways,  by  reducing — 

1.  The  time  during  which  the  wall  action  continues. 

2.  Its  intensity. 

3.  The  proportion  of  area  of  the  walls  to  volume  of  the  gases. 

1.  Opinions  vary  greatly  as  to  the  advantage  of  high  piston  speeds  in 
^as  engines,  but  the  tendency  of  modern  engineers  is,  in  the  main,  to 
increase  speed  within  reasonable  limits.     Beyond  about  300  revolutions 

*  ZeiUchrift  des  Vereines  detUscher  Ing^nieure,  1902,  p.  127. 

t  A  series  of  iotereating  articles  on  the  oaloulation  of  the  work  of  a  gas  engine 
from  the  indicator  diagram,  in  the  same  way  as  that  of  a  steam  engine,  will  be  found 
in  Zeitschrifl  du  Vtrtinu  deutseher  Ingenieurt^  1901,  p.  1640 ;  and  1902,  pp.  84, 006. 
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per  minute,  M.  Richard  considers  that  the  friction  and  heat  developed 
are  too  great  to  work  an  engine  continuously,  and  if  much  heat  i» 
generated  by  explosion,  a  correspondingly  large  amount  is  discharged  at 
exhaust.  Within  certain  limits,  however,  high  speeds  are  advantageouB, 
because  the  colder  walls  have  less  time  to  act  upon  the  hotter  gases,  and 
carry  off  their  heat.  The  rapid  expansion  so  much  insisted  on  by 
Professor  Witz  has  the  same  effect  in  diminishing  the  wall  action,  but  it 
does  not  always  mean  a  proportionate  utilisation  of  the  heat  supplied  to 
the  engine.  The  Society  of  Arts'  Trials  show  that  in  the  Atkinson 
engine,  in  which  expansion  was  greatest  in  proportion  to  admission  and 
compression,  the  heat  carried  off  by  the  walls — that  is,  during  the 
expansion  stroke — was  relatively  small,  but  more  was  discharged  to  the 
exhaust  than  in  engines  having  less  expansion*  If  the  two  items  of  beat 
expenditure  be  added  together  (see  Table,  p.  313),  they  will  be  found 
almost  the  same  as  in  the  Otto  engine  tested  at  the  same  time. 

2.  To  diminish  this  great  action  of  the  walls,  and  to  equalise  their 
temperature  and  that  of  the  gases,  it  is  necessary  to  raise  the  tempera- 
ture of  the  one,  or  lower  that  of  the  other.  To  raise  the  temperature  of 
the  walls  is  impossible,  without  injury  to  the  engine.  But  by  diluting 
the  charge  of  gas  with  air  to  the  limit  of  inflammability,  and  by  utilising 
the  inert  gases,  the  heat  of  explosion  may  be  diminished,  without 
affecting  the  efficiency  of  the  engine.  This  diminution  of  the  maximum 
temperature  is  the  reason  oif  the  comparatively  high  efficiency  obtained* 
in  practice,  with  engines  having  combustion  at  constant  pressure.  As 
there  is  no  very  sudden  rise  in  temperature,  less  heat  is  carried  off  by 
the  walls,  and  more  remains  to  do  work  on  the  piston. 

3.  The  third  is  perhaps  the  greatest  source  of  waste  of  heat  in  an 
engine  cylinder.  The  most  effectual  method  of  diminishing  the  wall 
action  is  by  previous  compression  of  the  charge,  and  the  numerous 
experiments  already  quoted  show  that  it  is  the  chief  means  of  increasing 
the  thermal  efficiency. 

Loss  of  Heat. — In  considering  the  losses  of  heat  in  an  actual,  as 
compared  with  an  ideal,  engine.  Professor  Meyer  attributes  the  variations 
in  the  diagram  of  pressures,  and  thus  in  the  area  of  work  shown  in  an 
Otto  engine,  to  the  degree  of  compression,  the  chemical  composition  and 
heating  value  of  the  combustible,  and  the  proportion  in  which  the  latter 
is  mixed  with  air  and  with  the  products  of  combustion.*  The  losses  of 
heat  and  energy  during  a  cycle  he  gives  as  follows  : — 

(a)  Loss  of  heat  during  admission  and  exhaust,  due  to  back  pressure,^ 
and  shown  as  negative  work  in  the  diagram. 

*  Professor  Meyer's  excellent  disaertations  on  the  exchanges  of  heat  during  a  gas 
engine  cycle  shoald  be  carefully  studied  in  the  Zeit8chr\ft  des  Vereines  detUscher 
InginUurt,  1899,  Nos.  11,  12,  and  13,  and  in  his  Unterauchungen  am  Oaa-Motor,  1903» 
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(6)  Loss  of  heat  daring  admission,  with  no  diminution  in  the  area  of 
work,  but  only  a  decrease  of  temperature  at  the  beginning  of  compression. 
If  the  gas  in  an  engine  cylinder  were  a  perfect  gas,  the  work  done  by  it 
would  depend  entirely  on  the  degree  of  compression,  and  not  on  the 
initial  temperature.  But  owing  probably  to  the  increase  of  specific  heat, 
the  amount  of  the  charge  drawn  in  per  stroke  and  the  work  done 
diminish  slightly  with  an  increase  in  the  initial  temperature,  com- 
pression and  all  other  conditions  being  the  same.  The  lower  this 
temperature  at  the  beginning  of  compression,  the  less  will  be  the  loss 
of  heat  to  the  walls  throughout  the  cycle. 

(c)  Loss  or  diminution  of  work  due  to  the  heat  carried  off  during 
-compression* 

(d)  Loss  of  work  due  to  incomplete  combustion  and  retarded 
ignition. 

(«)  Loss  of  work  during  expansion.  It  is  these  losses  during  com- 
pression and  expansion  which  constitute  the  main  loss  during  the  cycle, 
•and  have  chiefly  to  be  considered. 

However  carefully  an  engine  may  be  designed,  to  keep  the  temper- 
ature and  pressure  of  the  charge  within  practical  limits,  all  authorities 
«re  agreed  that  the  greater  part  of  the  heat  in  a  gas  motor  is  lost  by 
radiation  and  conduction,  or  discharged  at  exhaust.  In  the  heat 
accounts  of  the  four  engines  given  at  p.  313,  the  jacket  water  and  the 
•exhaust  carried  off  between  them  from  65  to  75  per  cent,  of  the  total 
heat  developed.  In  the  opinion  of  so  competent  an  authority  as  M. 
Richard  this  waste  cannot,  in  our  present  state  of  knowledge,  be  avoided 
to  any  great  extent.  The  heat  economised  from  the  one  is  usually 
wasted  to  the  other. 

VariationB  in  Expansion  Curve. — ^The  Otto  diagram  at  p.  309  shows 
A  peculiarity  in  the  pressures  obtained,  which  has  hitherto  not  been 
satisfactorily  explained.  The  fall  of  the  expansion  curve  in  the  theoreti- 
•cal  is,  as  we  have  said,  more  rapid  than  in  an  actual  diagram.  This 
theoretical  curve  represents  exactly  the  fall  in  pressure,  and  therefore  in 
temperature,  which  would  be  obtained,  if  the  gases  expended  their  heat 
entirely  in  doing  work.  If  the  curve  of  the  actual  diagram  is  flatter, 
and  does  not  fall  so  rapidly,  this  difference  shows  that  the  pressure  does 
not  in  practice  sink  so  quickly,  and  heat  is  not  parted  with  as  speedily 
as  in  theory.  The  law  of  the  mechanical  equivalent  proves  that 
the  amount  of  heat  expended  in  doing  work  does  not  vary,  but  is 
always  the  same,  in  practice  as  in  theory.  If,  therefore,  the  pressure 
And  temperature  do  not  fall  so  rapidly  in  an  actual  engine,  heat  is  added 
in  some  way.  This  addition  of  heat  is  obtained  either  from  within  or 
from  without.  Most  authorities  maintain  that  it  is  evolved  from  the 
mixture  itself,  because  the  walls  of  the  cylinder,  cooled  by  the  water 
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jacket^  muflt  always  be  at  a  lower  temperature  than  the  gaaes  thej  enclose, 
and  cannot  convey  heat  to  them.  The  moment  of  maximiim  exploekHi 
or  preflsure  does  not  always  agree  with  that  of  complete  combustion^ 
The  gases  may  reach  their  maximum  pressure,  and  the  particles  be 
driven  widely  apart  by  the  flame  spreading  through  them,  before  their 
perfect  combination  with  the  oxygen  of  the  air,  and  reconstitution  aa 
CO^  (carbon  dioxide)  and  HjO  (water  vapour).  This  is  the  phenomenon 
which  is  now  known  to  take  place  in  the  cylinder  of  a  gas  engine,  and 
to  cause  the  addition  of  heat  shown  in  the  slow  faU  of  the  expansion- 
curve.  It  is  generally  admitted  that  an  **  equilibrium  of  heat,"  as  it  haa- 
been  called,  occurs  in  almost  all  direct-acting  engines,  with  explosion  at 
constant  volume.  Heat  is  suppressed  at  the  maximum  temperature  of 
explosion,  to  be  evolved  afterwards,  during  the  expansion  stroke.  So 
much  heat  is  carried  off  by  the  walls  that  there  could  be  no  approxi- 
mation to  adiabatic  expansion,  unless  heat  were  in  some  way  added,  to 
counteract  the  wall  cooling  effect.  The  phenomenon  is  described  in 
German  by  the  expressive  term  "  nach  brennen."  In  English  ii  is  called 
''slow  combustion,"  but  it  would  be  more  correct  to  term  it  ''after  com- 
bustion." Its  causes  and  the  extent  to  which  it  prevails  are  still- 
uncertain.  It  has  been  pointed  out  by  Professor  Boulvin  that  this 
"  after  combustion  "  tends  to  disappear  with  the  increased  compression  in 
modem  engines.  The  diminution  in  size  of  the  compression  or  explosion^ 
space  has  the  effect  of  driving  out  more  completely  the  products  from  the 
former  charge,  and  it  was  these,  in  Professor  Boulvin's  opinion,  which* 
contributed  most  largely  to  produce  the  phenomenon.  To  account  for 
it,  and  for  the  rise  in  the  expansion  curve,  the  following  theories  have 
been  advanced. 

Stratifloation. — The  first  was  put  forward  by  Otto^  because  it  was- 
in  the  diagrams  of  his  engines  that  the  effect  of  this  "  after  combustion  " 
upon  the  expansion  curve  was  first  studied.  He  claimed  it  as  a  direct 
result  of  the  stratification  of  the  charge,  one  of  the  improvements 
specified  in  his  patent  of  1876.  Instead  of  admitting  the  gas  and  air 
together  through  valves,  as  in  later  engines,  the  admission  ports  of  the- 
Otto  were  so  arranged,  that  the  air  entered  first.  The  gas  valve  then 
slowly  opened,  and  the  air  was  diluted  with  gas,  the  mixture  increasing 
in  percentage  of  gas  as  it  continued  to  enter  the  cylinder  until,  the  air 
port  closing,  nothing  but  gas  was  finally  admitted.  The  products  of 
combustion  were  not  expelled  from  the  cylinder,  but  remained  and 
combined  with  the  air  in  front  of  the  fresh  charge,  to  form  a  sort  of 
cushion  between  the  richer  mixture  and  the  piston,  and  to  deaden  the 
shock  of  the  explosion.  Trials  were  made  by  Professors  SchSttler,. 
Teichmann,  Lewicki,  and  others,  to  determine  whether  stratification  of 
the  charge  actually  existed  or  not,  but  the  theory  has  now  been  more 
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or  less  abandoned.  Most  of  the  latest  authorities  on  the  subject 
consider  that  stratification  cannot  be  maintained,  even  if  the  gases 
enter  the  cylinder  in  successive  layers  of  richness,  because .  of  the 
compressive  and  mixing  power  exerted  by  the  back  stroke  of  the  piston. 
A  certain  degree  of  stratification  of  the  charge  is,  however,  claimed  for 
several  modern  engines. 

The   increased   economy   obtained   with   the  "scavenging"   method 

appears  effectually  to  refute  the  theory  that  stratification  of  the  charge, 

and  retention  of  the  products  of  combustion,  add  to  the  efficiency  of  a 

gas  engine.     It  is  true  that  these  inert  gases  heat  the  incoming  charge, 

but  their  effect  is  distinctly  injurious,  and  probably  contributes  to  the 

premature  ignition  which  is  so  troublesome  in  large  motors.     Mr.  W. 

Beaumont  is  of  opinion  that,  *'even  with  comparatively  small  engines, 

the  complete  discharge  of  residual  products,  and  the  perfect  mixing  of 

the  gas  and  air,  have  already  done  more  for  economy  "  than  any  other 

improvement.      According  to  Professor  Burstall   (see  Second   Report, 

Qas   Engine   Research   Committee),  a  scavenging  charge  is  desirable, 

because  a  larger  volume  of  fresh  charge  can  be  drawn  in,  if  the  cylinder 

is  previously  cleansed;   but  the  value  of  the  method  diminishes  with 

increased  compression.     In  Table  No.  1  will  be  found  some  interesting 

experiments  on   this  type  of  engine,  showing  the  economy  obtained. 

The  scavenging  arrangements  adopted  in  the  latest  Premier  and  Koerting 

engines,  and  in  the  Oechelhaueser  also  prove  the  same.     In  a  valuable 

paper  on   ''Recent   Developments  in   Gas  Engines,"   read  before  the 

Institution  of  Civil   Engineers,  January  28,  1896,  Mr.  Dugald  Clerk 

discusses  the  causes  of  greater  economy  in  modern  engines.     Of  these 

the  chief  is   compression,  more  compression   meaning   more,  and   less 

compression  less  economy.     He  also  considers  it  essential  to  diminish 

the  volume  of  the  ports  and  clearance,  and  especially  to  reduce  their 

surfaces  to  a  minimum,  in  order  to  lessen  the  weight  of  metal  heated 

and  cooled  per  motor  stroke.     In  modern  gas  engines  the  dimensions 

of  the  clearance  volumes  and  surfaces  have  gradually  decreased  year  by 

year.     It  shoald  not  be  forgotten  that  the  best  standard  of  comparison 

between  different  gas  engines  is  the  thermal  efficiency,  and  in  calculating 

it  the  B.H.P.  should  always  be  taken,  in  preference  to  the  I.H.P.,  to 

estimate  the  work  done.     (See  tables  at  end  of  book.) 

DiBBOOiation. — The  next  theory  to  account  for  the  phenomenon  of 
"after  combustion,"  or  of  development  of  heat  during  the  expansion 
stroke,  has  been  advanced  by  Mr.  Clerk.  He  attributes  it  to  the 
chemical  action  known  as  "  dissociation."  At  certain  high  temperatures 
chemical  compounds  decompose,  or  separate  into  their  constituent 
elements,  and  do  not  recombine  until  the  temperature  has  fallqn.  Thus 
heat,  which  is  one  of  the  great  forces  in  combining  chemical  elements. 
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is  also  a  powerful  agency  in  splitting  up  oompounds.  The  existence  of 
this  phenomenon  has  been  repeatedly  verified.  Without  it»  it  would  be 
possible,  during  the  combustion  of  gases,  to  reach  much  higher  tem- 
peratures than  have  ever  been  attained  in  practice.  If,  for  instance, 
steam  be  raised  to  a  very  high  temperature,  it  is  decomposed  into 
its  elements  of  oxygen  and  hydrogen.  The  higher  the  temperature, 
the  more  complete  the  dissociation,  until  a  point  is  reached,  above 
which  all  gases  exist  only  as  primary  elements.  The  temperatures 
of  compound  gases,  therefore,  are  probably  limited,  though  the  extent 
of  this  limitation  has  not  yet  been  determined.  Without  dissociation 
it  should  be  possible  in  theory  to  raise  the  temperature  of  hydrogen 
burning  in  oxygen  to  9,000*  C,  but  no  experiments  have,  to  the 
author's  knowledge,  been  made,  in  which  a  temperature  of  3,800*  C. 
has  been  exceeded.  Clerk  maintains  that  at  the  temperatures  produced 
in  a  gas  engine  dissociation  takes  place,  and  checks  the  further  develop- 
ment of  heat,  and  this  opinion  is  shared  by  Professors  Ayrton  and 
Perry.  The  gases  decompose,  their  heat  is  suppressed,  and  not  evolved 
until,  the  temperature  being  lowered  by  expansion,  the  chemical  ele- 
ments are  able  to  recombine.  If  dissociation  existed  in  the  cylinder 
of  a  gas  engine,  its  action  would  be  as  described  by  Mr.  Clerk.  Most 
scientific  men,  however,  are  now  agreed  that  the  estimate  of  temperature 
on  which  the  theory  is  based  is  incorrect.  Professor  Schottler  also 
points  out  that,  if  dissociation  really  took  place,  there  would  be  a 
sudden  variation  in  the  course  of  the  expansion  curve,  because  the  law 
of  expansion  itself  changes,  whereas  the  changes  in  pressure  are  quite 
gradual. 

Cooling  Action  of  Walls. — Professor  Witz  has  advanced  another 
theory,  and  supports  his  view  with  the  weight  of  his  scientific  reputation 
and  experience.  He  attributes  the  variation  of  temperature  shown  in 
the  slow  fall  of  the  expansion  curve,  and  the  suppression  and  retarded 
evolution  of  heat,  entirely  to  the  cooling  action  of  the  cylinder  walls. 
To  this  he  refers  all  the  phenomena  hitherto  obscure  in  the  cylinder  of 
a  gas  engine.  He  is  of  opinion  that  this  cooling  effect  has  been 
neglected  hitherto,  and  that,  next  to  the  charge  itself^  the  walls  play  the 
most  important  part  in  the  cycle  of  an  engine.  By  carrying  off  the  heat 
generated  at  the  moment  of  explosion,  they  instantly  diminish  the 
temperature.  Although  continually  cooled  by  the  jacket,  they  act  as 
reservoirs,  and  actually  restore  to  the  gas,  during  the  latter  part  of  the 
stroke,  some  of  the  heat  they  had  previously  absorbed.*  In  the  earlier 
gas  engines,  without  compression  or  ignition  at  the  dead  point,  and  with 
a  much  smaller  range  of  temperature,  the  effect  of  the  walls,  though 

*  The  opinions  of  Professor  Witz  here  given  touch,  in  the  author's  opinion, 
upon  debatable  ground. 
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ignored,  was  vety  great.  In  modern  engines  this  effect  is  greatljr 
restricted,  with  the  result,  according  to  Witz,  that  the  wails  are  able  to 
refdnd  heat  to  the  gas  daring  the  expansion  stroke. 

Inorease  of  Spedfio  Heats. — A  fourth  solution  of  the  problem  has 
been  suggested  by  MM.  Mallard  and  Le  Chatelier.  From  various 
experiments  they  have  made,  they  are  of  opinion  that  the  specific  heats 
of  gases  increase  at  very  high  temperatures,  and  that  this  increase  may 
in  part  account  for  ''  after  combustion."  The  subject  is  still  in  the  stage 
of  investigation,  and  no  positive  determinations  have  yet  been  made, 
although  it  has  engaged  the  attention  of  several  scientific  men,  especially 
of  Mr.  Dugald  Clerk  and  Professor  Meyer.  Mr.  Clerk's  studies  in  this 
■abstruse  subject  have  been  already  mentioned  (see  p.  336).  Professor 
Boulvin  agrees  with  him,  and  says  that  the  increase  of  specific  heat  in 
the  gases  at  high  temperatures  has  been  proved  by  MM.  Mallard  and 

.    0  . 

Le  Chatelier.  The  ratio  ~  (specific  heat  at  constant  volume  and  at  con- 
stant pressure)  is  less  even  than  1*3  at  the  highest  temperatures  realised 
in  the  cylinders  of  gem  engines  (see  pp.  273,  336). 

A  valuable  ooptribution  to  the  subject  has  been  made  by  Professor 
Meyer,  who  considers  that  an  accurate  knowledge  of  the  specific  heats 
of  gases  is  of  great  importance  in  studying  the  theory  of  the  gas  engine. 
He  argues  the  existence  of  the  increase  in  this  heat  from  the  analysis 
of  the  exhaust  gases.     Taking  an  example  from  one  of  his  own  experi- 
ments, in  which  43  per  cent,  of  the  heat  was  given  up  to  the  jacket 
water — 1.0.,  to  the  walls — ^the  analysis  of  the  combustible  gases  in  the 
exhaust  showed  that  only  4  per  cent,  of  the  total  heat  of  combustion 
passed   undeveloped    through   the    cylinder.      The    indicator  diagram 
showed  that  not  more  than  10  per  cent,  of  the  heat  was  yielded  to  the 
walls  at  the  moment  of  "visible  combustion"  (explosion).     If  the  specific 
heats  of  the  gases  are  assumed  to  be  uniform  at  all  temperatures,  the 
remaining  large  percentage  can  only  be  accounted  for  by  very  consider- 
able "  after  burning  "  of  the  charge.  "^     Such  a  great  development  of  heat 
by  combustion,  after  the  maximum  temperature  of  the  stroke  has  been 
attained,  appears  to  Professor  Meyer  improbable.     Some  variation  in 
the  specific  heats  must  be  assumed,  though  he  does  not  think  they 
increase  so  rapidly  with  the  temperatures  as  has  been  supposed.     What- 
ever their  rate  of  increase,  if  it  can  be  shown  to  exist,  the  old  assump- 
tion that  the  heat  should  be  added  at  the  highest  temperature  will  no 
longer  hold  good,  but  it  will  still  apply  for  the  temperatures  generally 
attained  in  a  gas  engine.     His  researches  are  summed  up  in  these  words. 
"  If  the  specific  heats  of  the  gases  are  independent  of  the  temperatures, 
the  degree  of  compression  alone,  and  not  the  ratio  of  gas  to  air,  apart 

*  Meyer,  UnUrsuchungen  am  Oaa  Motor,  p.  72. 
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from  the  slight  variation  it  produces  in  the  ratio  -,  have  an  influence  on^ 

the  consumption  of  gas.  But  if  the  specific  heats  vary  with  the  temper- 
atures, the  effect  of  the  ratio  of  gas  to  air  is  almost  as  great  on  the  con- 
sumption as  that  of  the  degree  of  compression." 

Whatever  the  causes  producing  the  phenomenon  of  suppressed  heat, 
there  can  be  no  doubt  that  it  is  in  itself  injurious,  because,  although 
ultimately  developed,  it  is  not  evolved  at  the  right  time,  and  therefore 
cannot  contribute  to  the  maximum  pressure  of  explosion.  The  diffi- 
culties of  the  subject  have  been  ably  summed  up  by  M.  Biohard  in  the 
following  words  : — "  No  satisfi^ctory  answer  has  yet  been  found  to  the 
question :  What  is  the  cause  of  the  loss  of  heat  during  explosion  and 
expansion?  It  cannot  be  denied  that  it  is  partly  caused  by  the  action  of 
the  walls ;  they  have  an  influence  which,  if  studied  alone,  may  almost  be 
formulated  as  a  law.  But  is  the  effect  of  the  walls  varying  or  constant  I 
To  what  extent  does  it  intervene,  during  the  motor  stroke,  in  the  other 
phenomena?  These  are — the  increase  of  specific  heat  at  the  temperature 
of  explosion  (not  yet  universally  admitted) ;  dissociation,  a  phenomenon 
rather  suspected  than  proved ;  combustion  continuing  during  expansion, 
which  some  deny  and  others  vehemently  affirm.  If  it  exists,  as  in  my 
opinion  it  does,  it  is  a  result  of  the  composition  of  the  charge,  compres- 
sion, and  the  method  of  ignition. .  In  a  word,  it  is  a  most  complex  pheno- 
menon, not  only  in  itself,  but  because  it  is  connected  with  all  the  actions 
simultaneously  produced  during  the  short  period  of  a  motor  stroke." 

Even  with  the  help  of  the  Entropy  diagram  we  cannot,  Professor 
Schottler  says,  determine  with  absolute  accuracy  the  movements  of 
all  the  heat  passing  into  an  engine  cylinder.  It  can  only  represent 
the  heat  which,  during  the  part  of  the  cycle  under  consideration,  is 
communicated  to  the  working  agent.  If  for  instance  a  certain 
portion  of  this  heat  is  transferred,  as  soon  as  it  is  generated,  by 
radiation  to  the  walls  and  thence  to  the  cooling  water,  it  will  not 
appear  in  the  diagram.  Only  the  difference  between  this  heat  and 
that  developed  by  explosion  and  utilised  in  the  cycle  will  be 
shown  as  heat  received,  and  the  same  applies  to  heat  lost  in  this 
way  at  any  point  of  the  stroke,  although  it  has  an  important  effect 
on  the  cycle.  During  combustion  there  is  a  great  rise  in  temperature 
which  is  rapidly  communicated  to  the  cooler  walls,  and  certainly  less 
heat  reaches  the  gases  of  combustion  than  is  developed,  or  corresponds 
to  the  heating  value  of  the  gas.  Under  this  head  it  should  be  noted  that 
Mr.  Dugald  Clerk  raised  the  temperature  of  the  cooling  water  from  1 7°  to 
SG"*  F.,  and  claimed  to  obtain  thereby  an  economy  of  gas  of  10  per  cent. 

The  author  was  of  opinion  that  the  cylinder  wall  action  in  gas,  as  in 
steam  engines,  is  very  considerable,  and  it  may  be  well  to  compare  this 
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acfcion  in  the  two  types  of  motors.  In  the  case  of  a  single-acting 
horizontal  four-cycle  gas  engine  with  water  jacket,  the  difference  of  tem- 
perature between  the  gas  and  the  metal  is  greater  than  that  between  the 
steam  and  the  metal  in  a  steam  engine.  In  gas  engines  heat  goes 
through  the  metal  walls  nearly  always  in  one  direction,  from  the  centre 
of  the  cylinder  outwards.  There  is  a  greater  flow  of  heat  at  the 
explosion  end  of  the  cylinder  and  in  the  large  clearance  areas,  because  the 
temperature  and  pressure  are  greater  than  at  the  other  non-explosion 
end.  During  the  three  non-motor  strokes,  the  heat  would  travel 
through  the  walls  much  less  rapidly,  and  the  temperature  of  the  metal 
would  tend  to  become  uniform.  In  a  steam  engine  the  wall  action 
fluctuates  periodically  in  the  thickness  of  the  metal,  first  in  one 
direction,  then  in  the  other.  During  the  steam  stroke,  heat  passes  from 
the  hot  steam  to  the  cooler  walls,  and  during  the  exhaust,  from  the 
hotter  walls  in  the  reverse  direction. 

In  a  gas  engine,  during  the  explosion  and  expansion  stroke,  the  heat 
doubtless  passes  rapidly  from  the  hot  gases  to  the  cooler  walls,  which,  on 
the  side  touched  by  the  water,  are  at  a  temperature  of,  say,  about  150*  to 
180*  F.  The  temperature  of  the  gases  will  vary  from,  say,  1,800*  to 
2,500*  F.  If  we  assume  an  average  of  2,000^  F.,  there  will  be  a  difference 
of  temperature  of  about  2,000"  -  150*  =  1,850*  F.  between  the  gases 
and  the  metal  next  the  water,  causing  the  heat  to  flow  through  the. walls 
to  the  cooler  circulating  water. 

During  the  exhaust  stroke  the  gases  are  still  much  hotter  than  the 
walls,  and  the  heat  flow  will  be  in  the  same  direction,  but  less  energetic. 
During  the  admission  stroke  of  cold  gas  and  air,  the  movement  of 
heat  will  either  be  reversed  or  nearly  suspended,  as,  by  the  time  the 
charge  has  actually  filled  the  hot  cylinder  and  clearance,  there  will  no- 
doubt  be  little  difference  in  temperature  between  it  and  the  walls. 
During  the  compression  stroke,Hhere  will  be  a  tendency  for  the  heat  to 
pass  again  to  the  walls  from  the  gases.  We  may  thus  assume  that  the 
flow  of  heat,  though  varying  much  in  intensity,  is  generally  from  the  in- 
ternal to  the  external  surfaces  of  the  cast-iron  walls,  or  from  the  hot 
gases  to  the  cooler  water. 

At  the  explosion  end  of  the  cylinder  the  clearance  surfaces  will,  to 
the  thickness  perhaps  of  a  sheet  of  paper,  approximate  to  the  tem- 
perature of  the  dry  gases.  The  lubricating  oil  will  act  as  a  non-conduct- 
ing film,  and  tend  to  check  the  flow  of  heat.  Nor  must  it  be  forgotten 
that,  according  to  the  opinion  of  the  best  authorities,  the  centre  of  the 
charge  is  much  hotter  than  the  parts  in  contact  with  the  walls.  The 
flow  of  heat  may,  therefore,  commence  from  a  hot  nucleus  in  the  middle 
of  the  cylinder.  The  thickness  of  the  metal  walls  will  vary,  say,  in  differ- 
ent sized  engine  cylinders,  from  1  to  1^  inches.     As  the  metal  at  the 
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explosion  end  will  be  much  hotter  than  at  the  other  end,  there  will 
probably  be  a  flow  of  heat  horizontally  through  the  thickness  of  the  wall 
towards  the  crank,  as  well  as  the  flow  radially  from  the  hot  gases. 
These  two  movements  of  heat  will  probably  form  a  thermal  gradient 
slightly  inclined  to  the  axis  of  the  cylinder. 

Effect  of  Time. — Again,  there  is  the  question  of  time  influencing 
the  wall  heat  action.  Taking  two  motors  running  at  different  revolu- 
tions per  minute,  the  engiue  with  the  slower  piston  speed  will  give  the 
water  and  the  gases  more  time  per  stroke  to  interchange  their  heat,  than 
the  quicker  running  engine,  in  which  a  shorter  time  is  allowed.  Ck>unt 
should  also  be  taken  of  the  varying  area  of  the  walls  exposed  to  the 
hot  gases,  by  being  uncovered  by  the  piston  during  its  out  stroke.  The 
quantity  and  speed  of  jacket  water  passing  per  minute  round  the 
cylinder,  to  cool  so  many  square  feet  of  internal  surfisuie,  is  another 
factor  of  this  complicated  wall  action.  In  other  words,  the  number  of 
lbs.  of  water  passing  per  minute  through  the  jacket  per  square  foot  of 
internal  surface  should  always  be  considered,  as  well  as  the  action  of  the 
metal  of  the  piston.  As  the  clearance  area  exposed  to  the  hot  gases  is 
much  larger  in  gas  than  in  steam  engines,  these  important  sur&oes 
should,  in  accurate  experiments,  be  given  in  square  feet,  as  well  as  the 
cylinder  volume.  During  the  different  strokes  violent  movements  will 
take  place  inside  the  cylinder,  particularly  during  the  explosion  stroke, 
when  the  whole  cylinder  is  probably  filled  with  flame. 

On  the  other  hand,  as  Professor  Schottler  points  out,  the  effect  of  a 
high  piston  speed  must  be  to  increase  the  amount  of  burnt  products  re- 
maining in  the  cylinder  after  each  explosion.  Since  there  are  more  of 
these,  less  of  the  fresh  charge  can  be  admitted  per  stroke,  and  tbe  mix- 
ture will  be  more  diluted.  This  will  have  a  consequent  effect  upon  the 
ignition.  As  the  charge  is  weaker,  containing  less  gas,  combustion  vrill 
be  less  instantaneous,  and  spread  less  rapidly.  Therefore,  [in  high-«peed 
engines,  or  when  the  normal  speed  of  any  engine  is  increased,  care  should 
be  taken  to  make  the  ignition  act  more  powerfully.  Thus  a  higher  speed 
increases  the  wall  action  in  a  cylinder,  because,  there  being  less  of  the 
fresh  charge  to  beat,  its  effect  upon  this  smaller  quantity  will  be  the 
greater.  If,  as  Professor  Witz  says,  the  higher  speed  of  an  engine 
diminishes  the  time  during  which  wall  action  takes  place,  this  is  counter- 
balanced by  the  more  powerful  action  of  the  walls  during  that  shorter 
time.  The  higher  speed  raises  the  temperature  of  the  walls,  but  at  the 
same  time  it  also  raises  the  lower  limit  of  temperature.  This  is  especi- 
ally the  case  in  the  ordinary  four-cycle  engine,  where  a  large  quantity  of 
inert  gases  is  left  in  the  cylinder,  and  hence  the  efficiency  diminishes.* 

*  These  views,  although  laid  down  in  1900,  clearly  indicate  the  lines  on  which 
modem  gas-engine  experiments  have  proceeded. 
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CHAPTER    XVII. 
THE  DISCOVERT.  UTILISATION.  AND  PROPERTIES  OF  OIL"" 

CoKTKNTS. — Petroleum:  Its  Produotion  in  Russia,  America,  and  Scotland — Com- 
position of  Oil — Distillation— Density — Flashing  Point — Heating  Value  of  Oil — 
Professor  Robinson's  Experiments — Evaporation  of  Oil — Pressure — Utilisation 
of  Oil — As  Liquid  Fuel  on  Railways — Advantages  and  Difficulties — Holden's  Oil 
Baming  Apparatus — Petroleum  for  Marine  Purposes — Oil  Gas — Mansfield  Pro- 
ducer— Keith — Pintsoh — Kemp- Welch. 

The  name  petroleum,  or  rock  oil,  is  derived  from  the  Latin  words  petra, 
a  rock,  and  oleum,  oil.  It  is  a  mineral  product,  obtained  from  the  earth 
in  two  different  ways.  Most  of  the  oil  used  is  drawn,  at  varying  depths, 
from  subterranean  wells  in  a  natural  state,  but  a  relatively  small 
quantity  is  also  produced  by  distillation  from  bituminous  shale.  The 
extraction  .of  oil  has  been  carried  on  in  Scotland  since  1850;  the  dis- 
covery of  rock  oil  in  the  earth,  and  the  operations  necessary  for  bringing 
it  to  the  surface,  date  from  a  few  years  later.  A  third  kind  of  oil,  which 
must  be  distinguished  from  these,  is  obtained  from  fat  and  grease,  by  the 
application  of  intense  heat  in  retorts.  The  process  is  usually  continued 
until  the  oil  has  been  converted  into  a  rich  gas.  Lastly,  there  are  vege- 
table oils,  such  as  linseed,  castor,  palm,  or  olive  oil,  from  which  gas  may 
also  be  produced  by  distillation.  To  distil  gas  from  any  kind  of  oil  great 
heat  is  necessary. 

Petroleum. — Within  the  last  quarter  of  a  century  petroleum  has 
become  a  most  important  article  of  commerce.  There  are  two  countries 
from  which  this  oil  has  hitherto  been  chiefly  obtained,  the  shores  of  the 
Caspian  Sea,  and  the  centre  of  the  United  States.  It  is  known,  how- 
ever, to  exist  in  many  other  places,  and  has  been  found  in  South 
America,  especially  in  Peru  and  the  Argentine  Republic,  Canada,  India, 
Assam,    Borneo,   Java,    Beluchistan,   Japan,    China,    Burmah,    Egypt, 

*  Students  desirous  of  investigating  this  important  subject  with  special  reference 
to  the  geographical  and  geological  distribution  of  petroleum  throughout  the  world, 
its  refining,  characteristics,  uses  and  testing,  are  referred  to  Sir  Boverton  Redwood's 
valuable  work  on  Pe^ro^um.     (Griffin  &  Co.) 
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Australia,  and  in  the  south-east  of  Europe.  Some  scientific  men  are 
■of  opinion  that  petroleum  may  be  discovered  almost  everywhere,  if 
the  borings  are  carried  deep  enough  into  the  earth.  But  for  the 
present  the  supply  from  Russia  is,  and  will  probably  long  continue 
^to  be,  practically  unlimited,  and  Russian  petroleum  is  conveyed  so 
cheaply  all  over  Europe,  that  it  is  not  worth  while  to  seek  for  oil 
elsewhere.  The  chief  centre  of  the  oil  industry  is  round  the  shores  of 
•the  Caspian,  though  important  oil  fields  have  been  discovered  in  Central 
Asia.  It  is  only  within  the  last  half-century  that  these  vast  natural 
reservoirs  have  been  utilised,  and  their  discovery  threatens  in  several 
ways  to  revolutionise  commerce,  especially  as  providing  a  new  kind 
of  fuel.  The  town  of  Baku,  the  capital  of  the  Caspian  district,  has  from 
a  village  become  a  large  and  flourishing  city,  since  oil  has  been  found 
in  great  quantities  in  its  vicinity.  The  existence  of  an  oil  region 
round  the  Caspian  was  known  from  the  earliest  times.  The  district 
was  called  by  the  ancients  the  Fire  Region,  and  the  mysterious  flames 
which  issued  from  fissures  in  the  rocks  were  worshipped  by  them 
'600  years  B.C.,  as  manifestations  of  the  Fire  God.  These  flames  are 
nothing  more  than  the  gases  given  off  by  the  subterranean  oil  reservoirs, 
ignited  at  some  remote  period,  and  which  have  never  been  extinguished. 

Russian  Oil. — The  extraction  of  oil  from  the  earth  in  the  Baku 
district  is  carried  out  on  a  regular  system.  The  wells  are  tapped,  or  the 
>oil  is  **  struck,"  as  it  is  called,  and  immediately  rises  to  the  surface  at  a 
high  pressure.  It  is  then  conveyed  through  pipes  direct  to  the  refineries, 
where  it  is  purified,  and  separated  into  the  lighter  volatile  oils,  as 
naphtha,  the'  lighting  or  intermediate  oils,  lubricating  oils,  which  are  all 
of  varying  density,  and  the  crude  petroleum  called  "astatkL"  Through 
another  line  of  pipes  it  is  next  carried  to  fill  the  tanks  in  the  steamers  on 
the  Caspian,  no  other  method  of  distribution  being  employed.  This 
system  of  pipes  forms  a  network  over  an  area  of  several  square  miles 
round  Baku,  and  the  oil  issues  from  the  wells  at  so  high  a  pressure  that 
no  pumping  is  required,  until  the  flow  has  begun  to  diminish.  It  is 
struck  at  a  depth  varying  from  70  to  825  feet  below  the  surface.  A  line 
of  pipes  has  recently  been  constructed  for  carrying  refined  oil  from  Baku 
through  the  Caucasus  to  Batoum,  on  the  Black  Sea,  560  miles  distant, 
from  whence  it  is  conveyed  by  sea  to  the  south  of  Russia,  and  through- 
out the  countries  bordering  on  the  Mediterranean.  The  oil  industry  of 
Baku  has  been  greatly  developed,  and  almost  created  by  two  Swedish 
engineers,  Robert  and  Ludwig  Nobel,  who  organised  a  system  of  obtain- 
ing and  refining  the  oil,  and  distributing  it  all  over  Europe. 

American  Oil. — The  second  source  of  oil  supply  is  from  Penn- 
sylvania and  the  Alleghany  district  in  North  America,  and  the  newly 
discovered  oil  regions  of  Athabasca  in  Central  Canada.     Here  also  the 
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supply  is  ample,  though  the  borings  are  carried  much  lower,  oil  being 
usually  found  at  a  depth  of  from  500  to  4,000  feet  from  the  surface. 
The  petroleum  wells  of  Pennsylvania  were  discovered  about  1859.  The 
oil  issues  from  the  ground  at  a  lower  pressure  than  in  the  Caspian 
district,  and  is  pumped  through  pipes,  often  hundreds  of  miles  in  length, 
to  the  chief  commercial  centres  of  the  United  States.  There  are  about 
25,000  petroleum  wells  in  America,  and  400  in  the  Caspian,  but  the 
supply  in  the  latter  is  very  much  more  abundant.  In  1890  the  yield 
of  oil  from  the  American  wells  was  2,600,000  gallons  a  day,  and  from 
the  Caspian  nearly  2,700,000  gallons  per  day.  The  supply  from  both  is 
at  present  apparently  unlimited,  and  there  are  only  two  drawbacks  to 
the  use  of  petroleum  all  over  the  world  for  lighting  and  heating 
purposes,  &e.  The  first  is  the  cost  and  difficulty  of  transport,  which 
will  no  doubt  be  overcome ;  the  second  is  the  varying  composition  and 
inflammable  nature  of  the  oil,  necessitating  great  care  in  carrying  and 
storing  it. 

Sootoh  Oil. — ^The  third  source  from  whence  mineral  oil  is  obtained 
is  by  distillation  from  bituminous  shale  or  ''petroleum  peat."  Dr. 
James  Toung  was  the  first  to  discover,  in  1850,  that  petroleum  could 
be  extracted  from  shale,  rich  beds  of  which  exist  in  abundance  in 
Scotland.     The  oil  produced  is  usually  known  as  paraffin  oil. 

Thus  during  the  last  fifty  years  a  vast  and  hitherto  unsuspected 

store  of  natural  fuel  has  been  brought  to  light,  which,  unlike  coal, 

requires  no  laborious  mining  process  to  extract  it  from  the  earth.     It 

is  merely  necessary  to  bore  a  well   of  the  requisite  depth,  with   an 

instrument  known  as  a  well-driller,  over  which  a  wooden  structure  is 

erected,  and  the  oil  issues  forth  in  a  liquid  stream.     The  boring  is  often 

now  carried  out  by  a  motor  driven   by   oil.      Care  must  be  taken, 

however,  in  the  Caspian  district,  that  the  4ow  of  oil  is  not  allowed  to 

become  so  great  as  to  flood  the  country.     Thus  in  the  Droojba  fountain, 

in  1883,  the  oil  rose  to  a  height  of  300  feet,  and  flowed  at  the  rate  of 

2,000,000  gallons  a  day.     It  burst  to  the  surface  with  the  force  of  a 

miniature  volcano,  carrying  with  it  large  quantities  of  sand,  and  the 

damage  done  to  the  surrounding  country  ruined  the  owners.      About 

£10,000  worth  of  oil  per  day  were  thrown  up,  and  most  of  it  wasted. 

To  check  this  tremendous  flow,  the  wells  are  now  "  capped "  at  once  if 

possible,  and  frequently  covered  over,  or  *'  corked,"  if  the  price  of  oil  is 

at  the  time  so  low  as  to  render  the  working  unremunerative.     Thus  the 

supply  is  stored  for  future  use. 

Composition  of  Oil. — The  difficulties  of  utilising  Nature's  bountiful 
stores  of  light  and  heat  become  apparent,  as  soon  as  the  chemical 
constituents  of  the  oil  are  considered.  The  composition  of  fuel  such 
as  coal,  wood,  dEC.,  varies  considerably,  and  with  oil  it  is  even  less 
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uniform.  Cmde  petroleum  consiflto  of  yariouB  hydrocarbons,  differing 
in  their  proportions  in  everj  oil,  and  all  are  of  different  densities.  The 
density  of  some  is  very  low,  and  they  are  much  lighter  than  water 
(taken  as  unity).  The  lighter  the  more  dangerous  Uie  oil,  because  the 
more  rapidly  it  evaporates,  giving  off  inflammable  vapours  which  ignite 
if  a  light  be  brought  near.  As  the  chemical  constituents  of  petroleum 
have  different  boiling  points,  they  are  vaporised  at  different  tempera- 
tures. Hence  the  diflSculty  of  dealing  with  these  oils.  At  a  low 
temperature  the  lightest  and  most  volatile  hydrocarbons  rise  to  the 
sur&ce,  and  are  first  given  off.  As  the  temperature  increases,  and  more 
heat  is  applied,  the  heavier  and  more  inflammable  vapours  are  separated, 
till  at  last  all  the  volatile  oil  is  evaporated,  and  a  thick  heavy  liquid  is 
left,  called  '*  astatki  "  in  Russia,  and  "  residuum  "  in  America.  Formerly 
this  petroleum  refuse  was  considered  useless,  and  thrown  away.  Both 
in  America  and  Russia  it  was  allowed  at  times  to  run  to  waste,  and 
formed  lakes  of  liquid  petroleum,  which  were  often  set  on  fire  to  get  rid 
of  them,  or  carried  off  by  pipes  into  the  sea.  It  ia  now  known  that, 
though  this  refuse  cannot  be  volatilised  by  the  application  of  heat,, 
however  intense,  it  may  be  broken  up  or  divided  into  spray  and  utilised, 
by  injecting  air  or  steam  into  it,  and  thus  burning  it.  It  is  used 
extensively  in  Russia  and  America,  and  forms  a  valuable  liquid  fuel, 
though  it  hardly  pays  at  present  for  the  cost  of  transport  to  other 
countries. 

Distillation. — If  American,  Russian,  or  Scotch  shale  oil  be  heated 
gradually  in  a  retort,  it  is  divided  up  by  what  is  called  ''fractional 
distillation "  as  follows : — The  highly  inflammable  vapours,  variously 
known  as  naphtha,  gazolene,  benzoline,  petrol  essence,  benzine,  spirit, 
d^.,  are  first  given  off.*  These  vapours,  though  very  dangerous,  are  free 
from  impurity.  As  the  temperature  of  the  retort  increases,  heavier  gases 
are  liberated,  and  carbon  is  deposited ;  while  at  a  red  heat  the  residuum 
is  split  up,  or  '*  cracked,"  and  converted  into  a  true  oil  gas,  containing  a 
large  amount  of  tarry  products.  "Cracking"  is  the  term  applied  to 
petroleum  when,  by  subjecting  it  to  great  heat,  the  heavier  chemical 
constituents,  which  will  not  themselves  vaporise  at  that  temperature, 
are  split  up  and  decomposed  into  lighter  hydrocarbons,  which  are  readily 
evaporated.  The  different  oils  thus  formed  are,  in  the  order  of  their 
density,  volatile  essence  or  spirit;  kerosene  or  illuminating  oil;  what 
is  called  intermediate  oil,  because  in  density  and  inflammability  it  is 
between  the  light  and  heavy  oils;  thick  lubricating  oils;  and,  lastly, 
astatki  or  refuse,  which  may  either  be  made  into  gas,  or,  by  the  addition 
of  superheated  steam,  burnt  as  fuel. 

*  Different  names  are   given  to  these  volatile  oils  and  essences  in  different 
countries. 
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Diflbrent  DensitieB  of  Oil. — It  must  not  be  supposed  that  these 
different  classes  of  oil  are  ever  rigidly  defined  in  any  petroleum.  They 
pass  one  into  the  other,  from  lighter  to  heavier,  by  imperceptible  grada- 
tions, and  can  only  be  correctly  tabulated  according  to  their  density. 
Nor  is  even  this  an  infallible  test  of  their  quality,  for  the  same  oil, 
naphtha,  kerosene,  or  lubricating  oil,  will  often  vary  in  density,  accord- 
ing to  the  petroleum  from  which  it  is  obtained.  Sometimes  an  oil  will 
contain  more  of  the  lighter,  sometimes  more  of  the  heavier  constituents. 
At  Baku  the  lightest  oils  are  found  in  wells  of  great  depth,  and  hence 
the  high  pressure  of  the  oil  fountains,  and  the  force  with  which  they 
rise ;  the  heavier  kinds  lie  nearer  the  surface.  The  difficulty  caused  by 
the  varying  density  of  petroleum,  and  the  different  temperatures  at 
which  it  vaporises,  is  the  main  obstacle  to  its  use  in  heat  engines,  and 
special  means  are  nearly  always  employed  to  convert  it  into  spray.  If 
the  oil  be  simply  injected  into  the  cylinder  like  gas,  the  heavy  hydro- 
carbons are  soon  deposited,  and  are  troublesome  to  get  rid  of.  If  only 
the  lightest  oils  or  spirit  are  used,  they  are  even  more  easily  ignited 
than  gas,  but  are  expensive,  and  dangerous  to  transport.  Legally  they 
can  only  be  stored  for  heat  motors  with  special  precautions.  The  heavy 
liquid  refuse  is  not  inflammable,  and  therefore  quite  safe,  but  to  employ 
it  in  an  engine  it  must  be  previously  distilled  in  a  retort.  It  is  the 
intermediate  kinds  of  oil,  obtained  from  heavy  residuum  after  refining 
away  the  volatile  essence,  which  are  chiefly  used  for  lighting  and 
heating  ;  and  petroleum,  as  distinguished  from  spirit  or  naphtha,  motors 
are  usually  driven  by  these  oils  only.  If  natural  oils  have  been  carefully 
refined,  and  their  more  volatile  constituents  drawn  off  by  the  application 
of  heat,  they  become  much  less  inflammable.  Lighting  oil  or  common 
kerosene  will  not  ignite  at  the  ordinary  temperature,  and  will  even 
extinguish  a  lighted  taper  when  applied  to  it.  Special  legal  restrictions 
are,  however,  placed  on  the  use  of  oil  in  most  European  countries,  and 
a  test,  known  as  the  Flashing  Point,  is  prescribed  to  determine  its 
inflammability. 

Flashing  Point. — The  flashing  point  of  &n  oil  is  the  temperature  at 
which  it  gives  off  inflammable  vapours,  and  depends  chiefly  on  its  more 
volatile  constituents.  Careful  allowance  must  always  be  made  for 
temperature  in  dealing  with  oil,  because  petroleum  increases  greatly 
in  volume  with  every  degree  rise  of  heat.  To  determine  its  specific 
gravity,  water  is  taken  as  unity,  and  the  weights  of  oil  as  decimals. 
The  higher  the  specific  gravity  of  oil,  or  the  more  closely  it  approximates 
to  the  density  of  water,  the  less  danger  will  there  be  of  its  inflam- 
mability. Petroleum  which  has  a  low  specific  gravity  contains  light 
chemical  constituents,  and  these  are  very  volatile,  and  are  given  off  at 

a  low  temperature.     Hence  it  catches  fire  more  readily,  and  is  often 

23 


354 


GAS,  OIL,  AKB  AIR  BNGINBS. 


more  inflammable,  than  other  oils  of  greater  density,  containing  heavier 
hydrocarbons. 

The  flashing  point  of  oil   is  usually  determined   by  means  of   an 
apparatus  designed  by  Sir  F.  Abel.     A  small  cylindrical  vessel  of  oil 
has  a  tight  fitting  cover  with  three  holes,  which  can  be  opened  or  shut 
by  means  of  a  slide.     A  thermometer  is  fixed  in  the  vessel,  and  a  gas 
burner  and  flame  are  also  provided.     The  oil  is  heated  by  raising  the 
temperature  of  the  water  in  the  receiver  by  means  of  a  lamp.     At  about 
66*  F.,  or  19^  0.,  the  slide  in  the  cover  of  the  air  vessel  is  slowly 
withdrawn,  the  flame  brought  beneath  the  lid  through  the  holes,  and 
the   oil   watched    until    it    lights   or   flashes.      The  flashing    point    is 
determined  from   the   temperature  of  the  oil.      In  most  countries  of 
Europe  and  America  no  oil  giving  ofi*  inflammable  vapours — that  is, 
having  a  flashing  point  below  a  certain  limit  of  temperature,  which  is 
fixed  by  law — may  be  stored  without  a  special  licence.     In  England  the 
limit  is  73'  F.,  or  22^  O. ;  in  France,  35*  C. ;  Russia,  28*  0. ;  Germany, 
21*  C. ;  Canada,  85*  F.     In  America  the  legal  limit  varies  much  in  the 
different  States.     The  flashing  point  may  also  be  roughly  determined  by 
holding  a  lighted  taper  above  an  open  vessel  filled  with  oil.     As  the 
temperature  is  raised  by  the  heat  of  the  taper,  light  hydrocarbons  are 
liberated,  rise  to  the  surface  and  ignite,  and  if  a  thermometer  be  placed 
in  the  oil,  the  flashing  point  can  be  read  off.     The  higher  this  tempera- 
ture, which  determines  the  limit  of  ignition,  the  safer  is  the  oil  to  use. 

Table  or  Constituents  or  American,  Russian,  and  Scotch  Shale  Oil, 
WITH  Specific  Gbavity  and  Flashing  Point  {Robinson). 


American  dl. 

1 

Russian  OIL 

Scotch  Shale  OIL 

Plashing 
Point. 

OoDBtituenta. 

Volume. 

Specific 

Gravity. ; 

1 

Volume. 

Specific 
Gravity. 

Volume. 

Specific 
Gravity. 

1 

Percent. 

i 

1 

Percent. 

Percent. 

Degrees  C. 

Benzine  light  oils,    . 

4 

0-700 

1 

0-725 

5 

0-730 

-10 

Benzine  heavy  oils, . 

2 

0-730 

3 

0-775 

•  •• 

k  •  • 

0 

Kerosene      Ughting 

oils, 

65 

0-810 

33 

0-822 

35 

0-805 

25  to  60 

Intermediate,  . 

•  •  • 

■  •  • 

10 

0-858 

5 

0-860 

105 

Lubricating      pyro- 

1 

naphtha  oils, 

18 

0-880 ; 

38 

0-903 

16 

0-885 

110  to  200 

Paraffin  wax  (vase- 

i 

line),    . 

2 

0-90 

•  •■ 

0-926 

12 

0-90 

•  •  • 

Residuum  and  loss, . 

8 

■  ■  • 

i 

15 

•  •  ■ 

28 

■»• 

•  «  • 

99 

100 

100 

Ig^tion  Point. — The  ignition  or  burning  point  of  oil  is  the  tempera- 
ture at  which  the  oil  itself,  and  not  the  inflammable  vapours  given  off. 


CALOMPIC  VALUE  OF  OIL.  355 

-takes  fire.  It  is,  of  course,  of  greater  importance  to  determine  the 
flashing  than  the  burning  point,  the  former  being  reached  long  before  the 
•oil  itself  is  raised  to  the  ignition  point.  As  the  lowest  legal  flashing 
point  of  an  oil  in  England  is  73*  F.,  naphtha  or  petroleun\  spirit,  which 
ignites  at  a  lower  temperature  and  is  very  dangerous,  may  not  be  stored 
•unless  by  special  licence.  The  flashing  point  of  astatki  or  crude  petro- 
leum refuse  is  above  200*  C. ;  intermediate  Scotch  shale  oil  has  a  flashing 
point  of  105*  O.  -  221'  F. 

The  table  on  p.  354  (from  Professor  Robinson's  Oas  and  Petroleum 
Engines)  gives  the  proportions  by  volume,  flashing  point,  and  specific 
gravity  of  the  different  hydrocarbons  contained  in  Russian,  American, 
and  Scotch  petroleum. 

The  following  table  (from  Redwood,  see  p.  356)  shows  the  chemical 
constituents  of  the  oils  from  different  countries,  and  their  heating  value, 

Calorifio  Value  of  Oil  as  used  in  an  Engine. — Mr.  C.  J.  Wilson, 
P.S.O.,  one  of  the  best  London  authorities  on  this  subject,  has  made 
many  determinations  of  the  heating  value  of  oils  with  his  improved  fuel 
calorimeter,  especially  in  connection  with  the  Royal  Agricultural 
•Society's  and  other  tests. 

The  heating  value  of  oil  is  now  usually  determined  in  a  closed  calori- 
aneter,  but  in  applying  this  determination  to  the  combustion  of  oil  in  a 
motor  cylinder,  the  conditions  are  very  different.  When  oil  is  burnt  by 
means  of  compressed  oxygen  in  a  calorimeter,  the  whole  of  the  water 
produced  by  the  combustion  of  the  hydrogen  is  condensed  to  the  liquid 
-state,  and  cooled  to  the  temperature  at  which  the  experiment  is  made. 
It  is,  therefore,  necessary  to  know  the  amount  of  this  water,  and  allow 
for  the  heat  which  would  be  required  to  evaporate  it,  since  in  all  cases 
where  an  oil  is  used  as  fuel  or  power,  the  products  escape  in  the  gaseous 
state.  The  calculation  is  similar  to  that  made  to  determine  the  higher 
and  lower  heating  value  of  gas  (see  p.  291). 

The  followmg  extract  on  the  heat  value  of  Russolene  and  Brox bourne 
oilp,  tested  by  Mr.  Wilson,  is  taken  from  the  Royal  Agricultural  Society's 
Report  for  1894  :— 

**  Bussolene  Oil — Calorifio  Value. — To  determine  this,  the  oil  was 
completely  burned  in  a  closed  bomb  with  compressed  oxygen,  and  the 
heat  produced  carefully  measured.  Calculated  to  calories  per  gramme  of 
-oil,  the  mean  of  two  concordant  experiments  is  11*055.  This  figure 
includes  all  heat  obtained  by  condensation  of  produced  water,  and 
cooling  this  and  the  gaseous  products  to  28*  C.  In  order  to  obtain  a 
•correction  for  the  water  produced  by  combustion,  the  percentage  of 
hydrogen  in  the  oil  was  determined,  and  found  to  be  14*05  per  cent. ; 
the  produced  water  will,  therefore,  be  1*2645  times  the  weight  of  the  oil. 
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Taking  the  latent  heat  of  water  at  28'  C,  as  587  calories  give  0*742 
calorie  per  gramme,  and  deducting  this  from  11*055  give  10*313  calories 
as  the  heat  of  combustion  of  1  gramme  of  the  oil ;  products  of  combus- 
tion in  the  gaseous  state  at  28*  C.  This  oil  seems  very  constant  in 
composition,  for  a  sample  examined  more  than  a  year  ago  gave  14*07  per 
cent,  of  hydrogen,  and  a  calorific  value  of  10*3  calories  per  gramme — 
practically  identical  with  the  above. 

''The  heat  value  is,  therefore,  nearly  18,600  British  T.TJ.  per  lb. 
Ck>m paring  this  with  Welsh  steam  coal,  with  a  calorific  value  of  14,500 
thermal  units  per  lb.,  1  lb.  of  oil  will,  in  heating  value,  be  equivalent  to 
1*28  lbs.  of  coal,  and  comparing  it  with  London  gas,  having  a  calorific' 
value  of  19,200  British  T.TJ.  per  lb.,  it  would  be  equivalent  to  0*97  lb.  of 
gas.  The  specific  gravity  of  this  oil  at  60"  F.  is  0  82,  and  flashing  point 
(Abel  test)  86"  F." 

**  Broxbonme  Oil — Calorifio  Value. — The  mean  of  two  experi- 
ments in  the  compressed  oxygen  calorimeter  gives  11*019  calories  per 
gramme,  all  produced  water  being  condensed.  The  correction  calculated 
from  the  hydrogen  percentage  is  0*742  calorie,  giving  as  the  heat  value 
10*277  calories  per  gramme,  all  products  of  combustion  in  the  gaseous 
state  at  24*  C.  This  corresponds  to  a  thermal  value  of  18,500  British 
T.TJ.  per  lb.,  the  specific  gravity  of  the  oil  at  60'  F.  being  0*81,  and 
flashing  point  (Abel  test)  155*  F.  The  Broxboume  oil  was  about  double 
the  price  of  the  Russolene." 

FrofeBSor  Bobinson's  Experiments. — A  series  of  careful  and 
interesting  experiments  were  undertaken  by  Professor  Bobinson,  to 
determine  the  nature  of  the  changes  produced  by  heafc  in  different 
kinds  of  oil.  In  order  to  ascertain  the  properties  of  oil,  and  bow  much 
additional  heat  was  necessary  to  convert  it  into  a  vapour  before  using  it 
in  the  cylinder  of  an  engine,  he  desired  to  know  the  temperature  at 
which  the  oil  distilled  or  evaporated,  and  the  pressure  of'  the  petroleum 
vapour  given  o£P.  The  first  point  could  only  be  determined  by  the  pro- 
cess of  frictional  distillation.  A  glass  flask  filled  with  petroleum  was 
placed  in  a  sand  bath,  and  slowly  heated  by  the  fiame  of  a  Bun  sen 
burner.  Two  thermometers  were  used,  one  in  the  oil,  the  other  at  the 
neck  of  the  flask.  By  this  apparatus  Professor  Robinson  was  able  to 
take  the  temperature  of  the  oil,  and  of  the  vapour  as  it  was  given  off;  the 
latter  was  then  passed  through  a  glass  tube  surrounded  with  iced  water 
into  a  graduated  condenser.  With  water  the  boiling  point  would  always 
be  the  same,  but  with  oil  it  was  necessary,  as  distillation  ceased  at  one 
temperature,  to  increase  it  continually.  The  temperatures  of  the  oil  and 
vapour  were  found  never  to  agree  completely,  but  the  higher  the  tem- 
perature of  the  oil,  the  less  difference  there  was  between  it  and  the 
temperature  of  the  distilled  vapour.^    A  marked  difference  between  the 
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Tarions  oils  tested  was  found,  in  the  more  or  leu  gradual  diatillatum  of 
their  constitaente,  and  the  percentage  given  off  at  the  different  tempera- 
tures.    As  a  rale,  Scotch  shale  oil  distilled  slowly  at  a  high  temperature, 
with  the  exception  of  Trioitj  or  lighthouse  oil,  55  per  centw  of  whi^ 
distilled  between  170*  C.  and  230*  C.     Some  of  the  ordinary  lubricating- 
oils  distilled  rapidly  at  a  temperature  commencing  at  120*  C,  the  Russiaik 
at  130*  C.     The  oils  which  distilled  a  large  percentage  of  their  Tolume 
within  a  limited  range  of  temperature,  showed  a  more  or  less  uniform 
composition.     Others  evaporated  slowly  through  a  wide  range,  proving 
that  they  were  more  complex  in  composition,  and  made  up  of  hydro- 
carbons having  varying  boiling  points.     Only  a  small  percentage  of  the 
heavy,  intermediate,  and  Scotch  shale  oils  was  distilled  at  a  very  high 
temperature     The  range  of  temperature  applied  to  these  oils  varied  from 
1 20*  C.  to  270*  C.     At  a  temperature  of  from  215*  G.  to  240*  C,  about  50 
per  cent,  of  the  American  and  Russian  oils  distilled. 

Evaporation  of  Oil. — The  next  experiments  were  undertaken  to 
determine  the  evaporation  from  heavy  oils  in  the  open  air,  when 
exposed  to  a  slow  gentle  heat»  under  ordinary  atmospheric  conditions^ 
and  thus  the  amount  of  light  hydrocarbons  they  contained.  Lighthouse, 
Scotch  shale,  and  lubricating  oils,  having  a  specific  gravity  of  0*810  to 
0*853,  were  placed  in  shallow  receivers,  and  a  steady  heat  maintained 
beneath  them,  the  temperature  of  the  oils  being  kept  for  three  hours  at^ 
from  40*  C.  to  65*  C.  The  amount  of  evaporation  was  determined  by 
weighing  the  oils  before  and  after  the  experiments,  and  it  was  found 
that  the  percentage  of  loss  varied  inversely  as  their  specific  gravity. 
With  the  heaviest  lubricating  oil,  the  loss  in  weight  was  2*96  per  cent., 
with  the  lightest  oil  of  0*810  specific  gravity  it  was  6*90  per  cent,  in  the 
same  time.  These  experiments  show  the  degrees  of  safety  with  which 
oils  may  be  stored  in  hot  climates,  and  the  necessity  of  ventilating  the- 
oil  tanks  and  keeping  them  cool,  thus  diminishing  risk  and  loss  by 
evaporation. 

Pressures  of  Oil. — Professor  Robinson  next  endeavoured  to  deter- 
mine the  pressures  of  the  different  oils,  corresponding  with  a  given  rise- 
in  temperature.  Some  difficulty  was  experienced  in  making  these  trials, 
because  it  was  found  much  less  easy  to  prevent  leakage  from  the  joints^ 
with  petroleum  vapour  than  with  steam  or  lighting  gas.  The  testing 
apparatus  consisted  of  a  U-shaped  glass  tube,  having  one  limb  longer 
than  the  other.  At  the  end  of  the  shorter  was  a  spherioal  bulb,  the 
longer  was  provided  with  a  graduated  scale.  The  tube  and  bulb  were* 
filled  with  mercury  and  oil,  the  oil  being  uppermost  in  the  bulb.  The 
temperature  was  raised  by  placing  the  glass  apparatus  in-  a  glycerine 
bath,  gradually  heated  by  a  Bunsen  burner*  As  the  sample  of  oil  in  the 
bulb  increased  in  temperature,  the  pressure  generated  by  its  vapour 
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forced  the  mercury  down  the  hulh  and  up  the  longer  limb  of  the  tube, 
and  its  rise  was  noted  on  the  scale.     Corrections  were  carefully  made  for 
the  temperature  of  the  room,  latent  heat  of  evaporation  of  the  oil,  ex- 
pansion of  the  glass  and  mercury,  <kc.     The  height  of  the  mercury  in  the 
tube  showed  the  pressure  attained  by  the  petroleum  vapour  in  the  bulb, 
corresponding  to  the  rise  in  temperature  of  the  glycerine  bath.     The 
results  of  the  experiments  were  afterwards  plotted  on  curves,  showing 
the  proportional  increase  of  pressure  with  increase  of  temperature,  in  the 
same  way  as  with  steam.     Professor  Robinson  gives  various  curves  ex-^ 
hibiting  the  temperatures  and  pressures  for  different  oils.     It  was  found 
that  steam  had  a  higher  pressure  at  a  given  temperature  than  any  of  the 
oils,   except  petroleum  spirit  or  naphtha,  the  pressure  of  which  rises 
more  rapidly  in  proportion  to  its  temperature.     At  300**  F.  the  pressure 
of  petroleum  spirit  was  125  lbs.,  and  that  of  steam  is  55  lbs.  per  square 
inch.     The  pressure  of  ordinary  oils  was  much  less.     Common  lighting 
oils,  chiefly  American,  gave  an  absolute  pressure  of  a  little  above  150 
centimetres  of  mercury,  at  temperatures  varying  from  170°  C.  to  200°  C, 
while  the  heavy  oils,  as  Lighthouse  or  Scotch  shale,  having  a  specific 
gravity  of  about  0*825,  showed  a  very  low  absolute  pressure,*^  90  to  94 
centimetres  of  mercury  at  a  temperature  of  200**  C.     The  lighter  the 
oil,  the  more  nearly  it  approached  the  temperature  and  pressure   of 
steam.     At  lower  temperatures  the  oils  exhibited  great  differences  of 
pressure,  but  at  the  lowest  temperature  tested,  about  80°  C,  all  gave 
nearly  the  same  pressure — viz.,  about  80  centimetres  of  mercury  (abso- 
lute pressure).     At  temperatures  below  100"*  C,  the  pressure  of  water 
vapour  was  very  much  higher  than  that  of  any  oil. 

The  pressure  of  air  at  a  given  temperature  being  known,  it  is  possible, 
with  the  help  of  these  valuable  tables,  to  determine  approximately  the 
temperature  and  pressure  of  petroleum  vapour,  and  therefore  the  work 
which  should  be  obtained  from  a  mixture  of  oil  and  air  in  the  cylinder  of 
an  engine.     Much,  however,  remains  to  be  done,  and  at  present  we  know 
little  about  the  action  of  petroleum  when  subjected  to  considerable  heat 
in  a  motor.     The  difficulties  of  the  subject  are  increased  by  the  complex 
constitution  of  oil.     The  latent  heat  of  evaporation  of  petroleum  is  about 
one-ninth  that  of  water — that  is,  the  same  quantity  of  heat  will  evapoilftte 
nine  times  as  much  oil  of  average  specific  gravity  as  water,  but  the 
expansion  of  the  vapour  is  only  one-fifth  that  of  water  vapour  or  steam. 
Hence  the  same  quantity  of  heat  will  produce  f  or  1  *8  times  as  much  oil 
vapour  as  steam  from  water.     The  above  data  are  from  Professor  Robin- 
son's able  lectures  at  the  Society  of  Arts  on  "The  Uses  of  Petroleum 
in  Prime  Motors,"  to  which  the   student  is   referred  for  an  exhaus- 
tive treatment  of  the  subject.     Professor  Robinson  was  the  first,  as 
*  Absolute  pressure  is  14*7  lbs.  below  the  pressure  of  the  atmosphere. 
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ftLT  MM  the  author  wa«  awmre^  to  make  a  special  stady  of  this  difficnlt 
question. 

Utilisation  of  Oil. — Having  thus  considered  the  chemical  composi- 
tion and  properties  of  oil,  it  will  be  evident  that,  though  it  can  be  utilised 
in  manj  ways  to  produce  heat,  the  process  is  complicated,  because  its 
constituents  vary  so  widely.  There  are  four  methods  by  whi<^  petroleum 
may  be  used  to  generate  mechanical  energy  in  a  heat  motor. 

I.  As  liquid  fuel  it  is  burnt  under  a  boiler  to  evaporate  water.  In 
this  case  the  petroleum  is  simply  used  as  fuel,  and  produces  the  same 
effect.  It  is  injected  through  a  nozzle,  with  an  admixture  of  superheated 
steam  and  air,  into  the  furnace,  where  it  is  burnt  in  the  ordinary  way. 
The  heaviest  petroleum  and  oil  refuse  may  be  thus  employed  to  generate 
heat ;  the  greater  the  specific  gravity  of  the  oil,  the  better  suited  it  is  for 
fuel. 

II.  Petroleum  may  be  subjected  to  destractive  distillation  in  a  retort, 
and  turned  into  a  fixed  gas,  in  the  same  way  that  lighting  gas  is  distilled 
from  coaL  Any  oil  may  be  treated  in  this  manner,  but  the  best  for  dis- 
tilling are  the  intermediate  oils,  which  are  neither  so  light  that  they 
escape  before  they  can  be  gasified,  nor  so  heavy  that  they  cannot  easily 
be  broken  up.  The  oil  gas  thus  produced  is  exceedingly  rich,  having 
twice  the  heating  value  of  coal  gas.  Mixed  with  air  in  proper  propor- 
tions, this  gas  is  introduced  into  the  cylinder  of  an  engine,  and  the  force 
of  the  explosion  drives  the  piston  forward,  as  in  a  gas  engine. 

III.  The  lighter  and  more  volatile  constituents  of  petroleum,  such  as 
gazolene,  benzine,  petroleum  spirit,  essence  or  naphtha,  are  used  in  the 
same  way  as  oi)  gas,  to  work  a  motof.  The  spirit  is  previously  prepared, 
the  heavier  hydrocarbons  withdrawn,  and  the  power  necessary  to  drive 
the  engine  is  obtained  by  explosion,  as  in  other  internal  combustion 
motors.  Engines  worked  with  these  lighter  oils  and  essences  require  a 
carburator  of  some  kind,  in  which  a  suitable  proportion  of  air  is  saturated 
with  the  inflammable  spirit,  generally  by  being  passed  over  it,  to  form 
the  charge. 

lY. — Ordinary  petroleum  is  evaporated  at  a  moderate  temperature  in 
an  apparatus  contiguous  to  the  engine,  and,  mixed  with  air,  is  used,  like 
benzine  or  spirit,  to  drive  the  piston  by  the  force  of  explosion.  Here 
also  the  oil  constitutes  both  the  fuel  and  the  working  agent.  •  Usually  it 
is  wholly  vaporised,  and  burnt  in  the  engine  cylinder,  but  sometimes  a 
heavy  residuum  is  left. 

Various  Methods. — ^AU  these  methods  of  utilising  petroleum  as  fuel 
present  difficulties,  owing  to  the  complex  nature  of  the  oil,  except  when 
it  is  evaporated  as  a  pure  spirit.  It  was  long  thought  impossible  to  burn 
the  heavy  astatki,  but  when  converted  into  spray  by  injecting  steam  or 
air  into  it,  it  can  under  certain  circumstances  be  profitably  employed. 
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When  the  petroleum  is  turned  into  a  fixed  gas,  without  the  addition  of 
sir,  difficulties  arise,  because  the  gas  becomes  laden  with  tarry  products 
which,  unless  it  is  well  washed  and  cooled,  clog  the  pipes  and  valves. 
There  is  another  obstacle  when  the  lighter  constituents  of  petroleum  are 
utilised  in  an  engine.  These  are  given  off  at  different  temperatures,  and 
the  process  is  assisted  if  a  large  surface  of  the  oil  is  brought  in  contact 
with  the  air.  It  is  therefore  agitated  mechanically,  the  whole  of  the 
volatile  constituents  are  gradually  evaporated,  and  a  heavy  residuum 
remains,  which  is'  usually  wasted.  Most  foreign  inventors  prefer  to 
utilise  only  the  lighter  and  more  inflammable  portions  of  the  oil,  and  to 
sacrifice  the  remainder,  thereby  obtaining  quicker  evaporation,  more 
power,  and  cleaner  combustion  than  with  heavier  oils,  though  the  con- 
sumption is  greater.  But  the  method  more  generally  employed  in  oil 
engines  in  England,  except  for  motor  cars,  is  to  evaporate  the  whole  of 
the  oil,  and  this  requires  the  application  of  heat. 

We  will  now  consider — I.  Petroleum  as  fuel,  and  II.  Petroleum 
when  converted  into  oil  gas.  In  the  next  chapter  we  shall  treat  of 
III.  The  use  of  Petroleum  spirit,  and  lY.  Crude  Petroleum  in  oil 
■engines. 

L  Petroleum  as  Fuel. — The  advantages  of  petroleum,  when  burned 
as  liquid  fuel,  are  so  great  that  it  is  safe  to  predict  it  will  in  time  com- 
pete with  coal  and  other  fuels,  and  become  an  important  fJEictor  in  the 
commerce  of  the  world.  There  are  now  a  large  number  of  "oil  steamers" 
on  the  Caspian,  in  which  the  boilers  are  fired  with  astatki.  All  the 
locomotives  on  the  Tsaritzin  and  Grazi  Bailway  in  south-east  Russia 
are  fitted  with  an  apparatus  for  burning  petroleum  refuse,  instead  of 
coal,  under  their  boilers.  Coal  in  that  part  of  Russia,  being  dear  and 
scarce,  the  economy  thus  realised  is  considerable.  In  fact,  the  Baku 
•oil  fields  have  created  the  Caspian  fleet.  The  uses  to  which  petroleum 
is  now  being  turned  in  Russia,  where  the  oil  is  obtained  on  the  spot, 
will  doubtless  be  extended  to  other  parts  of  Eastern  Europe. 

DifQ.oiilties. — The  difficulties  attached  to  the  use  of  petroleum  as  fuel 
are — ^first,  its  complex  constitution ;  secondly,  its  inflammable  nature ; 
and  thirdly,  its  cost.  The  two  first  do  not  apply  to  astatki  or  petroleum 
refuse.  The  heavy  oil  used  on  the  Russian  railways  is  scarcely  more 
inflammable  than  coal,  and  there  is  consequently  no  danger  in  using  it. 
This  was  proved  during  an  accident  on  the  line,  when  an  engine  and 
carriages  left  the  rails,  and  the  tank  of  astatki  in  the  tender  did  not 
ignite.  The  constitution  of  the  petroleum  is  also  fairly  uniform,  because 
all  the  volatile  hydrocarbons  have  been  evaporated,  and  though  it  is 
heavy  and  difficult  to  break  up  into  spray,  yet  when  combined  with 
injections  of  steam  and  air  it  forms  a  safe  and  excellent  combustible. 
At  present,  however,  it  can  only  be  used  in  countries  producing  it,  on 
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aoooimt  of  the  cost  of  trmoMpoirt,  In  Knglmnd  it  is  not  likely  to  compete 
with  natiTe  coal,  bat  it  maj  in  the  fntare  be  foond  in  large  quantities  in 
oar  Colonies  and  Dependencies,  and  ooed  to  advantage  for  locomotiTes 
and  marine  engines.  The  steamships  of  the  Chilian  Company  nae 
IOO9OOO  tons  of  petrolenm  yearly.  An  abundant  supply  is  found  in 
Pern,  and  oil  fields  are  also  being  opened  up  in  Ecuador.  In  Scotland 
we  have  an  almost  anlimited  quantity  of  shalcy  capable  of  yielding  120 
gallons  of  oil  per  ton,  bat  it  is  chiefly  utilised  at  present  for  making  gas, 
and  for  metallurgical  and  other  processes. 

Advantagea. — The  first  advantage  of  using  petroleum  as  fuel, 
whether  under  boilers  or  in  the  cylinder  of  an  engine,  is  its  purity. 
It  contains  no  sulphur,  and  gives  off  little  or  no  smoke.  If  the  oil  ia 
perfectly  consumed,  petroleum  is  the  cleanest  of  all  fueL  Where 
the  oil  is  used  as  liquid  fuel  to  evaporate  water,  heat  is  economised 
because,  as  it  passes  automatically  into  the  furnace  from  a  tank,  it  is  not 
necessary  to  open  the  fire  door,  and  the  temperature  of  the  furnace  is  not 
lowered.  Petroleum  is  abo  more  convenient  to  store,  and  occupies  less 
space  than  a  corresponding  quantity  of  ooaL  Lastly,  it  is  of  much 
greater  heating  value,  as  shown  by  the  amount  of  water  it  evaporates 
per  lb.  of  fuel.  It  has  twice  the  evaporative  power  of  some  coal.  Pro- 
fessor Bobinson  quotes  figures  to  show  that  it  evaporates  at  least  50  per 
cent,  more  steam  than  best  Durham  steam  coal.  Russian  petroleum 
refuse  burnt  in  a  series  of  shallow  troughs  under  ordinary  boilers  evapo- 
rated 14^  lbs.  of  water  per  lb.  of  refuse;  coal  burnt  in  the  same  boiler 
gave  an  evaporation  of  7  to  8  lbs.  water  per  lb.  of  coal.  So  high  a  result 
is  not  obtained  when  the  astatki  is  sprayed.  Professor  Unwin  tested  the 
evaporative  value  of  petroleum  under  a  steam  boiler,  and  found  it  to  be 
12*16  lbs.  water  (from  and  at  212"  F.)  per  lb.  of  oil  burned.  The  rate  of 
evaporation  was  0*75  lb.  water  per  square  foot  of  heating  sur&ce.  He 
estimates  the  calorific  value  of  the  petroleum  he  used  at  about  25  per 
cent,  higher  than  an  equal  weight  of  Welsh  coal. 

Liquid  Fuel. — It  is  on  the  Russian  South-Eastem  Railway  that  the 
value  of  petroleum  as  fuel  for  evaporating  steam  in  locomotives  has  been 
thoroughly  tested.  Mr.  Urquhart,  the  able  superintendent  of  the  line, 
has  by  degrees  replaced  coal  by  petroleum  in  almost  all  the  engines 
under  his  charge.  In  the  oil  obtained  at  Baku  there  is  a  residuum  of  70 
to  75  per  cent,  after  the  volatile  naphtha  and  ordinary  kerosene  have 
been  drawn  off  by  distillation,  and  prior  to  its  utilisation  under  boilers 
on  this  railway  enormous  quantities  of  this  refuse  were  thrown  away. 
Before  1882  the  locomotives  were  fired  with  anthracite,  but  after  various- 
attempts  Mr.  Urquhart  succeeded  in  altering  the  shape  of  the  fire-box 
and  tubes  to  burn  petroleum.  Up  to  1894  there  were  about  420  miles  of 
railway  on  the  Grazi-Tsaritzin  line,  and  some  150  engines  were  fired  with 
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petroleum.     The  spedfio  gravity  of  the  oil  used  raries  from  0'889  to 
0-911,  and  its  weight  is  55  to  56  lbs.  per  cubic  foot. 

The  tank  containing  the  petroleum  is  placed  for  safety  inside  the 
feed-water  tank  in  the  tender.     The  oil  is  drawn  from  the  tank  through 
a  pipe,  terminating  in  a  nozzle,  and  injected  into  the  furnace.     The  size 
of  the  orifice  has  been  carefully  determined  by  experiments.     A  smaller 
tube  containing  steam  from  the  boiler  passes  down  the  centre  of  the  oil 
pipe ;  the  steam  and  oil  mingle  at  the  mouth  of  the  nozzle,  and  are  in- 
jected as  fine  spray  into  the  fire-box.     At  the  junction  of  the  tube  and 
fi.re-bDx  they  are  open  to  the  atmosphere,  and  the  air,  having  free  access, 
is  drawn  by  suction  to  the  nozzle,  and  enters  with  the  steam  and  oil. 
The  force  of  the  mingled  blast  is  sufficient  to  break  up  the  oil  into  very 
fine  spray,  which  is  driven  against  a  firebrick  division  in  the  lower  part 
of  the  fire-box,  and  thus  still  further  subdivided,  before  it  rises  into  the 
upper  part  of  the  furnace  as  flame.     A  bridge  of  firebrick  is  now  used  to 
divide  the  fire-box  into  two  sections,  and  round  and  through  this  each 
jet  of  air,  steam,  and  petroleum  vapour  has  to  pass.     The  actual  arraoge- 
ments  of  the  fire-box,  ^.,  vary  of  course  with  the  class  of  boiler  used, 
whether  marine,  horizontal,  or  vertical.     Besides  the  locomotives,  a  great 
many  stationary  boilers  are  fired  with  petroleum.     It  was  at  first  found 
difficult  to  keep  the  oil  in  a  proper  liquid  state  during  the  severe  Russian 
winters.     A  certain  quantity  of  solar  oil  (one  of  the  lighter  oils  obtained 
from  petroleum)  is  now  added  to  it,  and  steam  is  carried  from  the  looo- 
motive  boiler  through  the  oil  tank  to  heat  it,  by  means  of  a  coil  of  pipes. 
Ck>8t  of  Working. — As  regards  the  cost  of  working  with  petroleum, 
the  best  proof  of  its  economy  is  the  fact  that  from  1882,  when  it  was 
first  used  on  this  railway,  to  1888,  it  gradually  and  entirely  superseded 
coal.     The  saving  in  money  is  stated  by  Mr.  Urquhart  to  be  43  per  cent. 
In  1882  the  consumption  of  coal  per  engine  mile,  including  wood  for 
lighting  up,  was  55*65  lbs.,  costing  7-64d.     In  1887  30*72  lbs.  of  petro- 
leum refuse  were  used  per  engine  mile,  costing  4*  4 3d.     The  expense  of 
repairs  was  also  much  less,  owing  to  the  absence  of  sulphur  in  the  oil. 
Other  railways  in  Southern  Russia  have  now  adopted  petroleum  as  fuel. 
The  locomotives' on  the  Trans-Caspian  lines  are  fired  with  it,  as  no  other 
combustible  is  available,  and  the  stores  of  liquid  fuel  have  formed  an 
important  factor  in  the  advance  of  Russia  across  Central  Asia. 

On  the  question  of  the  evaporative  power  and  heating  value  of  petro- 
leum, as  compared  with  coal,  Mr.  Urquhart  speaks  with  authority.  He 
estimates  the  heating  power  of  petroleum  refuse  at  19,832  B.T.U.,  and  of 
an  equal  weight  of  good  English  coal  at  14,112  B.T.n.  per  lb.  Theoreti- 
cally, 1  lb.  of  petroleum  refuse  evaporates  17*1  lbs.  of  water  at  a  pressure 
of  8^  atmospheres,  while  1  lb.  of  good  English  coal  evaporates  12  lbs. 
of  water  under  the  same  conditions.      In  practice  he  found  that  the 
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petroleum  used  on  his   engines  evaporated,  at  this  pressure,   14  lbs. 
water  per  lb.,  or  82  per  cent,  of  the  total  possible  evaporation. 

Petroleum  on  an  English  Bailway. — Some  kinds  of  heavy  petro- 
leum are  also  utilised  as  fuel  on  the  Qreat  Eastern  Railway  Mr. 
Holden,  the  locomotive  superintendent,  finding  much  difficulty  in  get- 
ting rid  of  the  refuse  from  shale  oil  distilleries,  tar  from  oil  gas,  green 
oil,  creasote,  and  other  heavy  residuum,  has  adopted  a  method  somewhat 
similar  to  the  Russian  plan,  for  burning  them  under  boilers  instead  of 
coal.  The  oil  used  is  entirely  heavy  refuse,  tliicker  and  less  easy  to 
•evaporate  than  Russian  astatki.  It  is  conveyed  from  the  tank  through 
a  pipe,  and  injected  into  a  furnace,  while  the  air  passes  to  the  spraying 
nozzle  through  a  central  pipe,  and  steam  is  twice  sprayed  on  to  the 
petroleum  before  it  is  sufficiently  volatilised  to  be  converted  into  fuel. 
In  all  cases  where  heavy  oils  are  broken  up  by  injection,  superheated 
flteam  is  found  most  effectual.  The  injector  is  in  three  annular  oonoen- 
tric  parts.  The  liquid  petroleum  enters  one  passage,  a  jet  of  superheated 
steam  passes  through  another,  carrying  with  it  a  current  of  air  down  the 
central  tube.  Before  the  oil  reaches  the  nozzle  it  is  broken  up  into  spray 
by  the  steam  jet.  After  the  petroleum,  steam  and  air  are  sprayed  into 
^e  fire-box,  a  separate  supply  of  superheated  steam  is  injected  into  the 
petroleum,  and  completely  atomises  it.  The  vaporised  liquid  strikes 
against  brickwork  in  the  fire-box,  is  broken  up  and  forms  a  broad,  con- 
centrated flame.  On  the  bars  of  the  grate  a  thin  layer  of  fuel,  usually 
cinders  mixed  with  chalk,  is  kept  burning,  to  maintain  a  uniformly  high 
temperature,  decompose  the  oil,  and  ignite  the  spray.  In  the  latest 
arrangement  the  air  pipe  is  carried  through  the  smoke-box,  and  heated 
by  the  waste  heat  from  the  furnace,  the  oil  is  also  previously  heated  by 
•the  exhaust  from  the  air  brake  pump.  Arrangements  are  made  to  fire 
the  boilers  with  oil  or  coal,  according  to  the  price  at  which  either  can  be 
procured.  As  with  the  astatki  burnt  on  the  Russian  railways,  the  oil  is 
BO  thoroughly  mixed  with  the  steam  and  air  that  there  is  no  smoke.  The 
mixture  employed  by  Mr.  Holden  consists  of  2  parts  coal  tar  and  1  part 
green  oil.  The  same  system  of  firing  locomotives  with  oil  refuse  is  used 
on  the  Great  Western  Railway  in  the  Argentine  Republic,  where  there 
Are  abundant  oil  fields.  Holden's  oil  burning  apparatus  has  now  been 
adopted  on  several  other  railways,  and  elsewhere.  It  is  used  to  burn 
liquid  fuel  under  boilers  as  an  alternative  to  coal,  according  to  the 
market  price,  and  the  available  supply  of  either  fuel. 

Petroleum  for  Marine  Purposes. — Marino  boilers  have  often  been 
fired  by  petroleum.  About  1867  experiments  were  made  by  Mr.  Isher- 
wood  of  the  United  States  Navy,  on  board  the  gunboat  '' Pallas, **  on 
liquid  petroleum  as  fuel.  He  was  convinced  of  its  superiority  to  coal  in 
heating  value,  convenience  of  storage,  weight,  bulk,  absence  of  stoking, 
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and  conseqaent  saving  of  manual  labour.  He  found  also  that  the  lighter 
oIIb,  which  explode  very  easily,  burn  completely,  and  leave  no  deposit. 
Against  these  advantages  must  be  set  the  drawback  of  using  petroleum 
to  any  great  extent  as  marine  fuel — namely,  the  danger  of  carrying  an 
inflammable  oil,  giving  off  volatile  gases  at  a  low  temperature,  in  bulk  at 
sea.  There  is  also  the  difficulty  of  obtaining  a  sufficient  supply  of  fresh 
water  for  the  superheated  steam.  Unlike  the  feed  water  in  the  boiler, 
this  water  cannot  be  continuously  used,  because  it  escapes  as  steam  with 
the  furnace  gases.  On  account  of  the  risk,  no  kinds  of  oil  but  heavy 
residuum  and  astatki,  which  are  now  increasingly  employed,  are  likely 
to  be  used  at  present  for  marine  purposes,  except  on  small  ships. 
The  oil  tested  by  Isherwood  was  utilised  in  the  same  way  as  on  the 
Russian  and  Great  Eastern  Railways — namely,  injected  into  the  furnace, 
after  being  thoroughly  mixed  with  steam  and  air.  Petroleum  refuse  is 
as  cheap  in  America  as  on  the  shores  of  the  Caspian. 

II.  Oil  GKi8. — The  manufacture  of  gas  from  oil  differs  little  in  prin- 
ciple from  the  process  of  distilling  gas  from  coaL  The  oil  is  dropped  or 
poured  into  a  retort  kept  at  a  strong  heat,  and  the  vapour  given  off  is 
purified,  washed,  and  cooled  in  the  same  way  as  lighting  gas.  All  oils 
are  not  equally  fit  for  gas  making.  Very  heavy  oils,  as  tar  or  blast- 
furnace oils,  creasote,  <kc.,  though  they  are  vaporised  for  a  time  by  the 
application  of  heat,  condense  again  under  pressure,  and  cannot  be  con- 
verted into  a  fixed  gas.  The  best  way  of  utilising  them  is  to  burn  them, 
as  already  described,  under  locomotive  or  other  boilers.  Oil  of  low 
specific  gravity,  as  petroleum  spirit,  is  too  volatile  and  evaporates  too 
readily.  For  making  gas  the  best  oils  are  the  intermediate,  such  as 
Scotch  shale  oil;  they  are  too  heavy  to  be  vaporised  completely  in  an  oil 
engine,  but  are  found  to  yield  a  very  rich  gas,  well  adapted  for  the  pur- 
pose of  driving  motors.  Vegetable  oils  and  animal  grease,  fat  or  dripping, 
can  also  be  used  in  this  way.  Such  motors,  however,  worked  with  oil 
gas  in  the  same  way  as  a  gas  engine  is  driven  with  lighting  or  cheap  gas, 
are  not  oil  engines,  properly  so-called,  and  must  be  distinguished  from 
them.  They  do  not,  as  in  true  oil  engines,  prepare  the  fuel  for  combus- 
tion, as  well  as  utilise  it  in  ignition  and  explosion.  They  are  in  reality 
gas  engines,  the  gas  used  being  distilled  from  oil  instead  of  from  coal. 
Nor  is  the  economy  so  great  as  in  oil  motors,  because  heat  must  be 
applied,  first  to  turn  the  oil  into  gas,  and  then  to  convert  the  gas  into 
energy.  In  oil  engines  one  application  of  heat  suffices  for  both  purposes, 
but  the  power  generated  is  not  so  great. 

Distillstion  of  Oil  Gkks. — ^The  method  of  distilling  oil  does  not  vary 
much  in  the  different  systems,  though  it  is  usually  necessary  to  modify 
the  process  slightly,  to  suit  the  oil  or  other  refuse  utilised.  Thus  in 
Alsace  and  in  parts  of  France  where  there  are  deposits  of  bituminous 


366  OAS,  OIL,  AND  Al£  ENGINES. 

4chist,  the  cmde  petroleum  refuse  is  allowed  to  fall  in  a  thin  stream  into 
the  retort,  which  is  kept  at  a  dall  red  heat  by  means  of  a  fire  beneath, 
and  after  being  purified  the  oil  gas  is  stored  ready  for  use     The  gas 
obtained  has  twice  the  calorific  value  of  the  same  volume  of  coal  gas.     In 
another  process,  where  a  wrought-iron  retort  is  heated  to  a  cherry  red  by 
a  furnace,  the  gas  distilled  has  about  four  times  the  calorific  value  of  coal 
gas,  and  costs  about  60  centimes  per  cubic  metre.     The  quality  of  the  gas 
<lepends  chiefly  on  the  temperature  of  the  retort.     In  other  oountries 
various  substances  are  successfully  distilled  to  produce  oil  gas,  such  as 
linseed  oil  in  Brazil,  castor  oil  in  Burmah,  palm  oil  in  West  Africa, 
mutton  fat  in  Australia  and  South  America,  and  in  general  fatty  refuse 
of  all  kinds,  wherever  it  is  found  in  abundance.     In  Great  Britain  oil  gas 
is  usually  made  from  Scotch  shale  oil,  of  specific  gravity  0*84  to  0*87, 
flashing  point  from  235''  F.  to  250*  F.,  and  yielding  about  100  cubic  feet 
of  gas  per  gallon.     The  heating  value  of  this  intermediate  oil  is  much 
increased,  if  the  oil  be  injected  into  the  retort  by  means  of  steam  jets. 
The  steam  is  decomposed  by  the  heat ;  CO  is  formed  by  the  combination 
of  the  oxygen  in  the  steam  and  the  carbon  in  the  oil,  and  deposit  of  solid 
carbon  is  prevented.     This  was  the  method  followed  in  Rogers*  oil  gas 
apparatus. 

The  first  oil  gas  producer  was  introduced  into  England  in  1815  by 
Mr.  John  Taylor,  of  Stratford,  Essex.  The  oil  was  passed  successively 
through  two  retorts,  to  vaporise  it  thoroughly.  Experience  has  since 
shown  that  one  retort,  if  kept  steadily  at  a  proper  temperature,  is 
sufficient  to  volatilise  all  the  lighter  hydrocarbons  contained  in  the  oil, 
And  convert  them  into  gas. 

Oil  GKi8  Froduoera — Mansfield. — The  Mansfield  oil  gas  apparatus 
is  one  of  the  oldest  producers,  and  that  most  commonly  used.  Gas  can 
be  made  in  it,  not  only  from  petroleum,  but  from  any  kind  of  oil,  fat,  Ac^ 
and  also  from  wood,  coal,  or  coke.  Fig.  126  gives  an  external  elevation 
of  this  producer.  A  is  the  receptacle  containing  the  oil  or  &t,  which 
becomes  gradually  heated  and  liquefied,  if  solid,  by  the  heat  from  the 
retort  below.  From  here  the  oil  passes  in  a  thin  continuous  stream  into 
the  siphon  pipe  S,  where  it  is  vaporised,  and  conducted  through  the  wide 
tube  or  hood  B  to  the  retort  R,  in  which  it  is  further  decomposed,  and 
made  into  a  permanent  gas.  The  retort  is  placed  in  the  centre  of  a  cast- 
iron  casing  0,  lined  with  firebrick  L.  Before  any  oil  is  admitted  the 
brick  lining  is  heated,  and  the  retort  brought  to  a  cherry-red  heat, 
or  a  temperature  of  1,600®  to  1,800*  F.,  by  the  fire  under  the  retort 
Unless  combustion  is  carefully  adjusted  by  means  of  the  damper  D  at 
the  top  of  the  furnace,  regulating  the  discharge  of  the  products  of  com- 
bustion, and  the  openiuizs  M  below,  admitting  the  cold  air,  the  quality  of 
the  gas  is  affected.     The  cock  through  which  the  oil  passes  into  the  pipe 
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8  is  not  opened  until  the  retort,  as  seen  through  the  eight  hole  p,  hsa 
been  heated  to  a  cberr  j  red.  The  gases  from  B  pass  through  the  hood  B 
down  the  stand  pipe  P  to  the  hydraulic  box  H,  where  they  are  washed, 
and  freed  from  the  t*rry  products  given  off  m  the  manubcture  of  gaa,  by 
forcing  them  throngh  water.  The  hood  B  rests  upon  two  sockets;  o, 
above  the  retort,  is  filled  with  lead,  which  melts  with  the  heat,  the  hood 
sinks  into  it,  and  an  imperrioDs  joint  is  thus  formed  during  tiie  gBS- 
m»king  process.  The  other  socket  K  is  filled  with  water  to  prevent  the 
escape  of  gae  unless  there  is  any  undue  pressure,  when  it  forces  its  way 
out.  At  T  is  another  safety  valve,  in  case  too  much  gaa  is  produced ; 
the  tarry  deposits  are  withdrawn  through  the  door  N.  The  purified 
gaaea  then  pass  through  the  pipe  Q  to  a  gasholder. 


Fig.  128.— Manrfeld  Oil  Qm  Prodncor. 
Two  things  are  necessary  to  make  good  gaa  in  the  Mansfield  producer. 
The  heat  of  the  retort  must  be  sufficiently  intense  to  decompose  the  oil, 
and  the  stream  of  oil  must  be  bo  regulated  that  no  more  passes  in  at  a 
time  than  will  produce  a  rich  gas.  With  iutermediate  oil,  1,000  cubic 
feet  of  gas  are  made  from  7  to  ^  gallons  of  oil,  or  about  100  cubic  feet 
per  gallon;  the  gas  has  a  heating  value  of  864  B.T.U.  per  cubic  foot. 
The  total  cost  of  oil  and  fuel,  with  oil  at  4Jd.  per  gallon,  is  about  6d.  per 
100  cubic  feet.  This  is  more  expensive  than  coal  gas  in  England,  but  its 
heating  value  is  higher,  Etnd  the  gaa  is  said  to  have  three  times  the  power. 
Abroad,  where  cool  usually  costs  more  than  in  Great  Britain,  power  may 
sometimes  be  most  cheaply  obtained  by  an  engine  driven  with  gas  made 
from  oil  or  fat  in  a  Mansfield  producer.  At  the  Melbourne  Exhibition 
in  1888,  an  Otto  engine  was  driven  by  gas  generated  from  dripping  or 
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fat,  at  the  rate  of  100  to  120  cubic  feet  per  gallon.  The  flashing  point  c^ 
the  fat  was  above  400'  F.,  and  it  was  previously  liquefied  by  a  burner. 
Tangye  and  Orossley  gas  engines  up  to  100  H.P.  have  been  successfully 
driven  with  Mansfield  oil  gas  in  England  and  abroad ;  the  consumption 
in  a  12  H.P.  Orossley  motor  was  10  cubic  feet  per  B.H.P.  hour.  It  has 
also  been  used  to  drive  a  30  H.P.  National  gas  engine,  and  there  are  a 
large  number  of  Mansfield  oil  gas  plants  in  India. 

Keith. — ^The  Keith  oil  gas  producer  is  especially  adapted  for  oil  made 
from  Scotch  shale.     The  principle  on  which  the  gas  is  made  is  the  same 
as  in  the  Mansfield  producer,  but  the  process  is  said  to  be  more  rapid. 
The  oil  filters  down  through  shallow  iron  troughs  placed, in  the  retort^ 
till  it  reaches  the  lowest  part,  where  the  temperature  is  highest.     Here 
it  is  converted  into  a  gas  and  led  off  to  the  washer,  and  then  direct  to 
the  gasholder,  where  it  is  cooled  and  stored.     The  pipes  are  large,  and  the 
pressure  of  the  gas  is  kept  low  until  it  has  passed  to  the  holder.     As  it 
is  principally  intended  to  drive  engines,  it  is  unnecessary  to  purify  it 
further.     For  illuminating  purposes  it  is  again  passed  through  lime  and 
sawdust,  and  after  it  has  reached  the  holder,  the  pressure  is  raised  by 
compression  pumps  to  150  lbs.  per  square  inch.     The  gas  produced,  of 
60  candle  power,  is  exceedingly  rich,  and  too  powerful  to  use  in  a  gas 
engine  without  altering  the  valves  and  passages.     It  is,  therefore,  diluted 
with  air  in  an  apparatus  called  a  mixer,  in  the  proportion  of  35  parts  by 
volume  of  air  to  65  parts  of  oil  gas,  and  is  then  of  about  the  same  strength 
as  the  lighting  gas  used  in  motors.     It  is,  of  course,  again  diluted  with 
the  proper  proportion  of  air,  when  introduced  into  the  cylinder  of  an 
engine. 

The  most  important  application  of  the  Keith  oil  gas  process  is  on 
the  Ailsa  Craig  Lighthouse  in  Scotland.  Here  it  supplies  five  8  H.P. 
Otto  gas  engines,  working  the  air  compressors  for  the  two  fog  signals. 
There  are  four  air-pump  cylinders,  each  10  inches  diameter  and  18  inches 
stroke ;  they  are  driven  at  a  speed  of  160  revolutions,  and  the  air  is 
compressed  to  75  lbs.  per  square  inch.  The  fog  signals  are  in  different 
parts  of  the  island,  at  a  considerable  distance  from  the  air  compressing 
station.  To  supply  power  for  fog  signals,  which  are  often  required  at  a 
few  minutes'  notice,  gas  engines  are  of  special  value,  because  they  can 
be  started  without  delay.  In  this  lighthouse  twelve  gas  retorts  are 
used,  producing  10,000  cubic  feet  in  four  hours  from  100  gallons  of 
ordinary  illuminating  paraffin,  distilled  from  Scotch  shale.  From  20 
to  30  cwts.  of  coal  are  required  to  heat  the  retorts.  The  four  engines 
consume  26  cubic  feet  of  pure  oil  gas  per  H.P.  per  hour,  or  6*5  cubic 
feet  for  each  engine.  The  output  is  rather  expensive,  owing  to  the 
isolated  position  of  the  lighthouse,  and  cost  of  carriage  of  coal  and  oil. 

A  description  of  the  Fintsoh  oil  gas  system  will  be  found  at  p.  313 
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of  the  Third  Edition  of  this  work.  It  has  not  hitherto  been  employed 
to  driye  engines,  the  Pintsch  power  gas  producer  (see  p.  234)  having 
been  snocessfnllj  utilised  for  that  purpose. 

An  oil  gas  producer  has  been  brought  out  by  Messrs.  Cowell  and 
Eemp-Welohy  and  used  to  drive  an  engine.  The  plant  consists  of  a 
retort  enclosed  in  firebi^ick,  and  placed  over  a  furnace  fired  with  coke, 
but  it  is  proposed  hereafter  to  utilise  the  oil  gas  itself  as  fuel.  The  oil 
is  pumped  by  hand  into  the  storage  tank,  9  feet  abcve  the  floor,  and  thence 
to  a  smaller  tank,  the  level  in  which  is  kept  constant.  Here  it  falls 
through  a  ball-cock  with  graduated  scale  into  a  funnel  leading  to  the 
retort.  Air  is  sucked  by  pumps  through  the  funnel  into  the  retort,  and 
draws  down  the  oil  with  it.  The  heat  of  the  retort  gasifies  the  oil,  and 
it  combines  with  the  air  to  form  a  fixed  gas.  This  is  led  off  through  a 
coil  of  cooling  pipes  to  the  washer,  which  is  in  four  divisions,  and  the  gaa 
is  passed  successively  through  sulphate  of  alumina,  sodium  chloride,  and 
sodium  carbonate  on  its  way  to  the  holder.  It  is  said  to  be  perfectly 
pure,  with  no  bye-products,  when  it  reaches  the  engine.  In  a  6  B.H.P. 
engine  the  consumption  of  oil  thus  gasified  was  07  gallon  per  B.H.P. 
hour,  and  the  quantity  produced  was  330  cubic  feet  of  gas  from  225 
cubic  inches  of  oil. 
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CHAPTER    XVIII. 

METHODS  OF  TREATING  OIL-CARBUBATORS— 

EARLY  OIL  ENGINES. 

Contents. — Oil  Motors — Distillation  of  Oil— Carburators — Lothammer,  Meyer — 
Alcohol  Engines— Utilisation — Vaporisation  of  Oil — ^Early  Oil  Engines — Hock — 
Brajrton— Spiel — Siemens. 

Oil  Motors. — Having  examined  the  first  and  second  methods  of  apply- 
ing oil  to  produce  motive  power,  and  considered  it — I.  as  liquid  fu^, 
and  II.  as  a  gas — we  now  come  to  tlie  study  of  oil  motors,  properly 
so-called.  Gas  engines,  though  far  more  handy  than  steam,  are  not 
suitable  for  every  purpose  for  which  motive  force  is  required.  For 
small  powers,  where  steam  cannot  be  used  because  of  tlie  complication 
of  a  boiler,  nor  gas,  when  no  gas  works  are  near,  petroleum  engines 
supply  a  want,  and  have  undoubtedly  a  great  future  before  them.  It 
is  a  peculiarity  of  these  motors  that  the  fuel  is  delivered  to  them  direct, 
so  to  speak,  in  its  original  condition.  In  a  steam  engine  and  boiler, 
the  water  must  first  be  evaporated  over  a  furnace ;  in  a  gas  motor,  the 
working  agent  must  either  be  distilled  in  a  retort,  or  produced  in  a 
generator.  The  fuel  for  a  petroleum  engine  may  be  purchased  almost 
anywhere.  An  oil  engine  is  self-contained,  and  independent  of  any 
external  adjunct ;  but  in  turning  this  advantage  to  account,  the  diffi- 
culties of  the  constructor  are  somewhat  increased.  Not  only  must  the 
engine  be  designed  to  utilise  the  working  agent,  and  obtain  mechanical 
energy  from  it,  but  the  working  agent  must  itself  be  produced,  and  the 
fuel  prepared  for  combustion. 

There  are  two  methods,  Classes  III.  and  lY.  of  the  divisions  in  the 
preceding  chapter,  by  which  oil  may,  in  the  cylinder  of  an  engine,  be 
turned  into  a  source  of  energy,  viz. : — 

III.  Light  petroleum  spirit,  naphtha,  benzoline,  or  carburetted  air 
is  exploded,  and  drives  out  the  piston  of  an  engine  by  the  expansion  of 
the  gases. 

lY.  Ordinary  lighting  or  intermediate  oil  is  also  used  to  drive  an 
engine  by  explosion  and  expansion,  after  its  evaporation  and  conversion 
into  petroleum  spray.  In  Class  III.,  atmospheric  air  at  ordinary  tem- 
perature and  pressure  is  charged  with  volatile  spirit ;  in  Class  lY.,  the 
petroleum  is  pulverised  and  broken  up  into  spray  by  a  current  of  air,  and 
the  application  of  heat.     In  France  and  Germany  the  lighter  oils  are 
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much  used  for  motor  purposes,  while  in  England  heavier  oils  are  mostly 
•employed  for  stationary  engines,  and  "petrol''  or  petroleum  spirit  in 
motor  oars  and  for  marine  work.  French  engines  are  generally  worked 
with  benzine ;  in  QermaDy,  where  the  duty  on  alcohol  is  low,  it  is  one 
of  the  ohief  sources  of  motive  power  in  small  engines,  especially  when 
carbnretted — i.0.,  mixed  with  petroleum  essence.  It  is  more  difficult 
completely  to  vaporise  heavy  petroleum,  and  avoid  any  deposit  in  the 
cylinder,  than  when  the  lighter  oils  are  used,  and  engines  for  larger 
powers  worked  with  the  former  are,  with  the  exception  of  the  Diesel 
and  the  B^nki,  not  in  so  much  favour  abroad  as  in  England. 

It  must  not  be  supposed,  however,  that  all  oil  engines  can  be  rigidly 
•classed  under  either  of  these  two  divisions,  because  of  the  complex 
nature  of  petroleum,  and  the  different  temperatures  at  which  it  evapor- 
ates. In  one  engine,  driving  the  Yarrow  spirit  kunch,  nothing  was 
used,  with  due  precautions,  but  pure  petroleum  spirit  or  ether.  In  a 
few  motors,  as  the  Priestman,  the  oil  is  so  pulverised  and  converted  into 
spray  that  the  whole  is  evaporated,  and  no  residuum  left.  Some  oil 
engines  evaporate  more  or  less  of  the  volatile  constituents  of  the  petro- 
leum, with  a  propoi-tionally  large  or  small  refuse,  according  to  the 
amount  of  heat  applied  during  the  process,  and  the  specific  gravity  of 
the  oil  used.  The  efforts  of  engineers,  however,  have  of  late  years 
tended  to  the  utilisation  of  ordinary  petroleum,  which  is  evaporated 
in  the  cylinder  as  completely  as  possible. 

Until  the  last  few  years  it  was  believed  to  be  impossible  effectually 
to  vaporise  oil,  and  render  it  fit  for  combustion  in  an  engine  cylinder, 
except  by  the  use  of  some  spray-making  device.  The  behaviour  of  oil 
in  a  retort  was  quoted  to  show  that  it  must  be  dealt  with  in  some  com- 
plicated way,  in  order  to  evaporate  it  completely.  It  was  first  pointed 
-out  by  Mr.  Worby  Beaumont,  and  is  now  generally  recognised,  that  the 
addition  of  air  in  an  engine  cylinder  prevents  the  formation  of  oil  gas 
and  heavy  residuum,  and  is  sufficient  to  convert  the  whole  of  the  oil 
into  a  combustible.  The  use  of  a  spray-maker  has  therefore  been  dis- 
carded, except  in  the  Priestman  engine,  and  the  process  of  vaporising 
becomes  simpler  in  each  successive  oil  motor  produced. 

There  are  two  methods  of  evaporating  petroleum,  both  used  to  pre- 
l>are  it  for  driving  an  engine — viz.,  hot  and  cold  distillation.  We  have 
seen  that,  the  less  the  specific  gravity  of  the  oil,  the  more  volatile  it  is. 
The  higher  the  temperature  to  which  it  is  exposed  the  greater  the 
-evaporation,  or  the  amount  of  hydrocarbons  given  off.  It  is  only  the 
light  and  highly  inflammable  spirit  used  in  engines  of  Class  III.  which 
can  be  evaporated  without  the  application  of  heat.  The  heavier  oils,  of 
greater  specific  gravity,  must  always  be  heated,  to  vaporise  the  larger 
portion  of  their  constituents,  and  to  counteract  the  cold  produced  by 
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evaporation.     The  greater  the  heat  maintained  in  the  cylinder,  the 
higher  will  be  the  efficiency. 

III.  Distillation  at  ordinary  atmospheric  temperatures  is  prodnced 
in  the  following  way  : — Air  is  passed  over  light  hydrocarbon  oil  (refined 
petroleum),  and  a  volatile  spirit  is  given  off,  impregnating  the  air  in 
contact  with  it.     This  carburetted  air  is  equal  in  lighting  and  heating 
properties  to  coal  gas,  and,  mixed  with  a  proper  proportion  of  ordinary 
air,  it  is  sufficiently  inflammable  to  ignite,  and  to   do   work  in  the 
cylinder  of  an  engine  by  the  force  of  the  explosion.   "The  specific  gravi^ 
of  petroleum  spirit  varies  from  0*65  to  0*70,  and  its  flashing  point  i» 
generally  so  low  that  it  cannot  be  used  for  commercial  purposes.   Motors 
in  which  it  is  employed  ought  scarcely  to  be  called  "  oil  engines."    The 
working  agent  is  simply  inflammable  petroleum  essence,  and  is  perhaps 
best  distinguished   by  the   term   usually  applied   to  it  abroad — *  <^' 
buretted  air."    The  ease  with  which  this  spirit  can  be  obtained  from 
ordinary  petroleum  by  merely  passing  air  over  it  shows  that  care  w 
necessary.     Nearly  all  the  early  petroleum  motors  employed  it  as  tne 
motive  power,  and  this  was  one  reason  why  they  did  not  come  into  general 
use.     Owing  to  the  inflammable  nature  of  theVorking  agent,  a  prejudice 
existed  against  them,  which  extended  to  all  oiK^motors,  and  was  no 
removed,  until  the  Priestman  engine  showed  how\ordinary  oil  cou 
be  utilised  in  the  cylinder  of  a  motor  without  danger>v  Now  that  tne 
working  methods  of  engines  driven  with  light  oils  are  bett^  understooo, 
they  are  again  coming  into  favour,  especially  abroad.     Mos^^^  *"®  ^°\ 
portant  foreign  firms  make  two  or  three  classes  of  oil  engine!|g)  ^^^^ 
either  with  ordinary  petroleum,  benzine,  or  alcohol. 

Engines  driven  with  carburetted  air  are  open  to  objections  f%^^  , 
economic  point  of  view.  The  continued  evaporation  of  the  more  v(^^ 
portions  of  the  petroleum  leaves  a  heavy  useless  residuum,  difficult 
rid  of,  and  the  cold  produced  by  evaporation  rapidly  reduces  the  temp( 
ture  of  the  oil,  and  renders  it  less  ready  to  part  with  the  lighter  co^ 
stitjients.  Explosive  gases,  therefore,  produced  by  passing  cold  air  ove^ 
petroleum,  are  not  suitable  for  use  in  an  engine.  These  difficulties  arel 
partly  remedied  by  placing  the  oil  cistern  or  tank  near  the  cylinder ;  its 
temperature  is  thus  raised,  and  the  oil  is  agitated,  in  order  to  bring  a 
larger  surface  in  contact  with  the  air.  If  the  oil  is  slightly  heated,  not 
only  will  evaporation  proceed  more  quickly,  but  less  dangerous  oil, 
having  a  greater  specific  gravity,  can  be  used. 

Carburators. — There  are  many  devices  for  producing  carburetted  air 
by  passing  it  over  petroleum  spirit,  but  with  most  of  them  the  g^ 
obtained  is  only  used  for  lighting.  In  America  it  is  sometimes  made  m 
the  cellar  of  a  house,  as  it  is  wanted,  for  domestic  purposes.  In  ^^^ 
carburators  the  principle  is  the  same.     Air  is  forced  either  by  oomp^' 


LOTHAMMER  CARBURATOR.  373 

sion  or  suction  through  or  over  petroleum  spirit,  and  becomes  impreg- 
nated with  the  essence.  In  motor  cars  the  explosive  charge  is  generally 
formed  simply  by  the  suction  of  the  piston  drawing  air  through  petroleum 
spirit  or  petrol,  sprayed  by  the  action  of  a  second  current  of  air.  The 
mixture  thus  obtained  is  highly  inflammable,  and  combustion  in  the 
cylinder  is  quite  complete.  In  the  Lothammer  carburator,  air  at  ordinary 
temperature  is  pumped  into  an  outer  reservoir,  containing  an  inner 
receiver  partly  filled  with  the  carburating  liquid.  It  next  passes  at  high 
pressure  from  the  outer  reservoir  into  tubes,  which  are  carried  down  into 
the  inner  receiver  below  the  level  of  the  liquid.  Here  it  is  discharged 
through  radiating  horizontal  pipes,  and  forced  to  pass  upwards,  the  pres- 
sure of  the  air  breaking  up  the  liquid.  By  this  process  the  air  becomes 
thoroughly  saturated  with  the  volatile  essence,  and  is  then  drawn  off  and 
stored.  M.  Lothammer  claims  to  obtain  a  gas  which  does  not  lose  its 
heating  qualities,  even  when  exposed  to  a  temperature  of  - 18"  C.  on 
leaving  the  carburator.  Drawings  and  a  description  of  the  Lothammer 
apparatus  will  be  found  in  Ohauveau. 

In  the  Meyer  carburator  heat  is  employed  to  charge  the  air  with 
petroleum  essence.  The  oil  or  hydrocarbon  liquid  falls  drop  by  drop  into 
a  small  boiler,  where  it  is  evaporated  by  the  heat  from  a  burner  below. 
The  oil  vapour  at  a  high  pressure  next  passes  through  an  injector,  where 
a  proper  proportion  of  air  is  drawn  in  with  it,  and  the  two  are  thoroughly 
mixed  before  they  enter  the  gasholder.  Production  is  automatic,  and 
the  bell  of  the  gasholder  is  made  to  regulate  the  admission  of  oil  to  the 
boiler,  and  the  size  of  the  flame.  This  method  is  said  to  produce  ca]> 
buretted  air  of  high  heating  value ;  it  is  principally  used  for  driving 
engines.  There  are  numerous  other  carburators,  especially  in  France,  as 
the  Mounier,  Pieplu,  <fec.,  but  they  chiefly  furnish  carburetted  air  for 
illumination.  Each  oil  motor  employs  a  special  type  of  carburator,  or 
method  of  vaporising  the  oil,  and  these  will  be  described  later,  in  the 
account  of  the  various  engines. 

Engines  driven  with  alcohol  are  now  very  numerous,  and  though 
properly  speaking  they  can  hardly  be  classed  as  oil  engines,  the  working 
conditions  are  practically  identical,  the  chief  difference  being  in  the 
sections  of  the  admission  valves  and  passages.  Alcohol  or  spirit  is 
obtained,  as  is  well-known,  from  the  fermentation  of  glucose,  100  lbs. 
of  the  latter  yielding  61  lbs.  of  alcohol.  The  specific  gravity  of  pure 
alcohol  is  0*79,  molecular  weight  46,  boiling  point  78"  0.,  chemical 
formula — ^C^H^  +  OH  »  O^Ufi,  For  commercial  purposes  it  is  usually 
diluted  with  water.  Its  (lower)  heating  value — pure — is  12,100  RT.U. 
per  lb.  and  9,620  B.T.U.  per  lb.  when  diluted  with  20  per  cent,  by 
weight,  or  15  per  cent,  by  volume  of  water.  For  use  in  an  engine  it  is 
generally  carburetted  by  the  addition  of  10  to  50  per  cent,  of  benzol,  and 
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the  heating  yalue  of  the  mixture  is  in  round  numbers  12,000  &T.ir. 
per  lb.* 

Utilisation  of  Oil. — Professor  Unwin  is  of  opinion  that  the  three 
methods  of  utilising  petroleum,  as  fuel  under  a  boiler,  as  oil  gas,  and  to- 
carburate  air,  are  none  of  them  capable  of  any  wide  application,  owing 
to  the  expense,  the  difficulties  of  transport,  and  the  danger  of  usini^ 
a  highly  inflammable  liquid.  The  ideal  oil  engine  of  the  future  is  pro- 
bably of  the  fourth  class,  and  comprises  motors  using  and  more  or  less 
completely  evaporating  ordinary  lighting  or  heavy  petroleum  oils.  If, 
however,  gas  engines  are  younger  and  more  modem  than  steam,  and 
therefore  have  more  possibilities  of  future  development,,  the  same  applies 
in  a  still  greater  degree  to  oil  motors.  In  some  respects  a  greater  heat 
efficiency,  both  in  theory  and  practice,  ought  to  be  obtained  from  oil  than 
from  gas  engines.  In  the  latter  the  gas  must  be  kept  ceol  till  it  is  intro- 
duced into  the  cylinder,  and  therefore,  as  it  has  hitherto  been  found 
impossible  to  utilise  the  exhaust  gases  to  any  great  extent,  a  large  pro- 
portion of  the  heat  is  wasted.  In  an  oil  engine  the  working  agent  should 
be  at  a  high  temperature  from  the  first.  A  certain  amount  of  heat  is 
necessary  to  render  the  oil  fit  for  evaporation,  and  this  heat  is  sometimes- 
supplied  by  making  the  exhaust  gases  circulate  round  the  oil  tank  or 
vaporiser.  The  air  also  is  sometimes  previously  heated  by  the  exhaust 
in  various  ways.  Hence  more  heat  is  utilised,  the  exhaust  gases  are 
comparatively  cool  at  discharge,  and  a  better  working  cycle  should  be  the 
result.  For  a  comparison  of  the  heat  efficiencies  of  oil  and  gas  motors 
see  Table  of  Tests,  in  which,  for  the  highest  heat  efficiencies,,  the  Diesel 
and  Bdnki  oil  engines  head  the  list. 

lY.  In  the  fourth  method  of  producing  heat  from  oil — namely,  by 
evaporating  ordinary  petroleum,  and  firing  it  as  in  a  gas  engine — the 
density  of  the  oil  used  varies  from  0*70  to  0*84.  To  ignite  so  heavy  a 
liquid,  and  utilise  the  force  of  the  explosion  to  drive  a  piston,  the  oil 
must  be  converted  at  a  high  temperature  into  an  inflammable  vapour, 
before  it  is  admitted  to  the  cylinder,  and  this  is  done  in  various  ways. 
Frequently  a  blast  of  compressed  air  is  forced  into  the  petroleum,  to 
break  it  up.  All  oil  engines  have  a  vaporiser  or  hot  chamber,  where  the 
petroleum,  either  liquid  or  in  the  form  of  spray,  is  converted  into  vapour. 
The  vaporiser  is  usually  heated  by  a  lamp  at  starting,  and  afterwards  by 
the  exhaust  gases,  or  by  the  heat  of  explosion.  The  air  for  combustion 
is  admitted  and  mixed  with  the  charge  of  petroleum,  after  the  latter  has 
become  vapour.  The  mixture  is  then  drawn  into  the  cylinder,  as  in  a 
gas  engine,  by  the  suction  of  the  piston.  Ignition  is  generally  by  a  tube,, 
but  electric  ignition  is  often  used,  and  a  [safety  or  non-return  valve  is 

*  For  Professor  Meyer's  Trials  of  Alcohol  Engines  see  Report  in  the  Grormani 
Agricultural  Society's  Papers  {Lavdvoirthschaft  Oesellscha/t),  vol.  Ixzviii. 
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lometiinea  neceoarj,  to  prevent  the  flame  from  shooting  back  into  the 
▼aporiser.  With  these  precautions  ordinary  lighting  oil,  with  a  flashing 
point  of  from  25*  C.  to  50"  C,  may  be  used  to  generate  power,  as  safely 
as  gas  or  steam.  It  has  been  largely  adapted  for  marine  purposes,  to 
propel  launches,  small  ships,  barges,  trawlers,  Ac,  and  on  shore  for 
portable  engines ;  while  their  almost  universal  adoption  to  drive  motor 
cars  has  given  a  phenomenal  development  to  small  oil  engines. 

Vaporisation  of  Oil. — There  are  three  ways  in  which  ordinary  oil  is 
treated,  when  employed  as  a  combustible  in  an  eng^e.  In  the  first,  as 
in  the  Priestman  engine,  it  is  broken  up  into  spray,  and  thoroughly 
mixed  with  air,  before  it  passes  into  the  cylinder.  In  the  second, 
liquid  oil  is  injected  into  compressed  and  heated  air,  and  instantly 
vaporised,  as  in  the  Homsby-Akroyd,  and  the  Diesel.  The  third 
method  is  to  admit  the  oil  in  small  quantities  into  a  vaporiser  main- 
tained at  a  high  temperature,  which  acts  as  a  retort,  and  converts 
the  oil  into  gas  before'  it  reaches  the  cylinder,  as  in  the  Trusty  and 
Capitaine  engines.  One  or  other  of  these  principles  is  followed  in 
almost  all  oil  motors,  to  render  the  petroleum  fit  for  combustion,  but  a 
slightly  different  arrangement  is  adopted  in  each  particular  engine,  for 
the  vaporisation  of  the  oil. 

Early  Oil  Bngines. — The  earliest  attempts  to  burn  petroleum  to 
produce  mechanical  energy  were  made  soon  after  the  introduction  of  gas 
engines.  At  that  time,  however,  it  was  considered  impossible  to  use 
ordinary  petroleum,  of  about  0*80  specific  gravity,  because  the  difficulty 
of  evaporating  it  was  so  great.  To  break  it  up  into  spray  by  a  blast  of 
air  had  not  been  proposed.  Light  petroleum  spirit  or  inflammable  ether 
was  therefore  employed,  and  probably  retarded  the  development  of  the 
oil  engine. 

Hock  (1873). — ^More  than  thirty  years  ago  two  engines  appeared 
almost  simultaneously,  the  Hock  in  Vienna,  and  the  Brayton  in  America. 
In  the  Hock  engine,  the  patent  for  which  was  taken  out  in  1873,  benzo- 
line  or  volatile  hydrocarbon  gas  was  used,  drawn  from  a  reservoir  at  the 
back  of  the  horizontal  cylinder.  The  engine  was  of  tbe  two-cycle,  single- 
acting  non'^mmpressing  type,  with  an  explosion  every  revolution;  the 
whole  series  of  operations  was  carried  out  in  one  forward  and  return 
stroke.  On  one  side  of  the  cylinder  was  a  small  valve  chest  containing 
two  valves,  one  for  the  admission  of  air,  the  other  for  the  discharge  of 
the  exhaust  gases,  both  worked  by  an  eccentric  from  the  main  shaft.  On 
the  other  side  was  the  igniting  apparatus.  A  little  air  pump,  driven 
from  the  crank  shafts  forced  a  current  of  air  at  each  stroke  into  a  small 
receiver  filled  with  benzol ine.  The  air  became  charged  with  benzoline, 
and  a  stream  was  directed  through  a  nozzle  against  a  permanent 
burner,  placed  close  to  an  opening  at  the  back  of  the  cylinder.     The 
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benzoline  ignited  at  the  flame,  a  flap  oovering  the  admission  yalve  was 
lifted  by  the  suction  of  the  in-stroke,  the  flame  drawn  in,,  and  the 
mixture  in  the  cylinder  ignited.  The  permanent  burner  was  fed  with 
petroleum  spirit  from  the  same  reservoir. 

The  motor  piston  having  passed  the  inner  dead  point,  the  suction  of 
the  out-stroke  drew  a  small  quantity  of  hydrocarbon,  at  atmospheric 
pressure,  from  the  reservoir  at  the  back  through  a  nozzle  into  the  cylinder. 
At  the  same  time  a  flap  valve  was  lifted,  and  a  stream  of  air,  also  at 
atmospheric  pressure,  was  admitted  through  another  nozzle  beside  it. 
The  two  nozzles  being  set  slightly  inclined  to  each  other,  the  air 
pulverised  the  benzoline,  and  broke  it  up  into  spray.  As  the  charge  was 
too  rich  to  use,  it  was  next  diluted  with  a  second  supply  of  air  from  the 
valve  chest.  When  the  piston  had  passed  through  about  half  the  stroke, 
ignition  took  place,  as  already  described,  the  mixture  being  so  arranged 
that  the  richest  portion  lay  nearest  the  ignition  flame.  The  return 
stroke  discharged  the  products  of  combustion.  The  centrifugal  governor 
driven  from  the  crank  shafb  acted  by  regulating  the  supply  of  air  from 
the  valve  chest.  If  the  speed  was  increased,  the  valve  was  held  open 
longer,  a  larger  quantity  of  air  was  admitted,  and  less  benzoline.  When 
the  speed  was  reduced,  and  the  balls  of  the  governor  fell,  less  air  entered, 
the  composition  of  the  charge  became  richer,  and  the  explosions  more 
certain  and  stronger.  This  engine  was  popular  for  a  time,  but  it  was 
not  permanently  successful,  on  account  of  the  inflammable  nature  of  the 
petroleum  spirit  used.     Drawings  are  given  by  Schottler. 

Brayton  (1872). — The  oil  engine  patented  by  Bray  ton,  and  first  con- 
structed at  Exeter,  United  States,  was  introduced  into  England  about 
1876.  It  was  a  better  and  more  practical  motor  than  the  Hock,  because 
the  oil  used  was  of  greater  density,  higher  flashing  point,  and  less 
inflammable.  Brayton  was  the  first  to  employ  ordinary  heavy  petroleum 
and  kerosene,  boiling  at  about  150**  C,  instead  of  light  spirit  or  essence, 
in  the  cylinder  of  an  engine.  His  engine,  called  the  *' Beady  Motor,"  was 
also  the  first,  and  till  then  the  only  engine  of  any  note,  to  embody  the 
principle  of  combustion  at  constant  pressure,  instead  of  at  constant 
voluma  It  was  originally  worked  with  gas,  and  was  first  brought  out 
in  America ;  the  English  patent  was  acquired  by  Messrs.  Simon  of 
Nottingham,  who  brought  it  out  as  a  gas  motor  in  1878  (see  p.  50).  A 
view  of  the  Bray  ton-Simon  gas  engine  is  given  at  Fig.  16.  The  charge 
of  gas  and  air  was  ignited  before  its  admission  into  the  cylinder,  entered 
in  a  state  of  fiame,  and  drove  the  piston  forward  without  any  rise  in 
pressure,  a  steady  combustion  being  maintained  behind  it  during  one- 
third  of  the  forward  stroke.  As  Brayton  found  that  the  fiame  of  the  gas, 
in  spite  of  the  gauze  diaphragm  shutting  it  off  from  the  pump  cylinder, 
was  apt  to  strike  back,  and  ignite  the  compressed  chaise  in  it,  he  sub- 
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■titated  ordinary  petroleum,  insteul  of  g&s,  as  the  motive  power.     The 
speoifio  gravity  of  the  oil  aaed  was  0-860. 

The  chief  improvement  of  the  Brajton  engine  over  the    Hook  was 
that  both  the  air  and  the  oil  were  admitted,  at  high  presaure,  into  the 
motor  cylinder  from  two  aeparate  pomps,  worked  by  the  engine.    The 
proBBure  of  the  injection  pulverised  the  petroleum,  and  the  air  became 
thoroughly  impregnated.      In  all  oil  engines  hitherto  constructed,  the 
nae  of  light  petroleum  spirit  mode  it  unnecessary  to  spray  the  oil.     The 
system   of  breaking  it  up  by  forcing  a  blast  of  air  into  it  rendered 
possible  the  use  of  heavy  petro- 
leum.   Brayton  was  therefore  the 
inventor  of  the   first   safe  and 
practical  oil  engine,  and  in  this 
respect  his  motor  was  the  fore- 
runner of  the  Frieetman. 

As  shown  at  the  Paris  Ez- 
bilntion  of  1878,  the  engine  was 
vertical  and  single-acting,  resem- 
bling the  Simon  at  Fig.  16  (p. 
50),  except  that  the  crank  and 
distributing  shaft  were  above  the 
cylinder.  There  was  an  impulse 
every  revolution.  The  two 
pistons,  motor  and  compressor, 
worked  downwards  upon  a  beam 
joined  to  the  motor  crank  by  a 
connecting-rod.  Both  cylindera 
were  of  i^e  same  diameter,  but 
the  stroke  of  the  compression 
pump  was  half  that  of  the  motor 
piston.  From  the  pump,  part 
of  the  compressed  air  was  de- 
livered direct  through  the  car- 
buntor  into  the  motor  cylindei 


Fig,  127.— Brayton  Csrburator.     1878. 


Fig.  128. — Brayton,  Petroleum  IlDgine 
— Indicator  Diagram.    187S. 


and  port  was  forced  into  a  reservoir  in  the  base.  The  air  here  stored 
was  intended  to  equalise  the  pressure,  and  to  assist  in  starting  the 
engine.  On  the  other  side  of  the  motor  cylinder  was  a  small  pump 
worked  from  an  eccentric  on  the  auxiliary  shaft,  to  inject  petroleum 
into  the  carburator.  The  valves  were  actuated  by  cams  from  this 
auxiliary  shaft,  driven  by  bevel  gear  from  the  crank  shaft.  The  ad- 
mission cam  was  shifted  by  the  governor,  in  order  to  admit  more  or 
less  of  the  charge,  according  to  the  speed  of  the  engine. 

Fig.  127  gives  a  view  of  the  carburator  in  three  compartments.    The 
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carburation  of  the  air  takes  place  in  the  middle  division  By  which  is  filled 
with  a  porous  substance,  and  separated  by  a  layer  of  perforated  metal 
plates  at  p  from  the  space  below  0,  communicating  through  an  opening 
with  the  motor  cylinder.  The  chamber  0  is  always  full  of  flame.  Petro- 
leum is  injected  from  the  small  oU  pump  through  pipe  E,  and  air  from 
the  pump  through  F  into  B.  The  jet  of  air  pulverises  the  petroleum 
and  breaks  it  up  into  spray,  which  thoroughly  impregnates  the  porous 
material.  At  the  right  moment  the  valve  opens,  and  fresh  air  is  drawn 
through  O  into  the  outer  chamber  A.  In  its  onward  passage  through 
B,  it  carries  with  it  a  portion  of  the  volatilised  petroleum,  is  ignited  on 
reaching  0,  and  passes  into  the  cylinder  in  a  sheet  of  flame,  but  there  is 
no  explosion.  Thus  air  is  twice  applied,  first  to  break  up  the  petroleum, 
and  then  to  dilute  it  in  the  same  way  as  the  charge  in  a  gas  engine. 
When  the  piston  has  passed  through  one-third  of  its  stroke,  the  valve  S 
closes,  and  the  ignited  vapour  expands,  the  two  pumps  meanwhile 
injecting  a  fresh  charge  of  compressed  air  and  petroleum  into  B.  To 
start  the  engine,  petroleum  is  pumped  in  by  hand,  and  compressed  air 
admitted  from  the  reservoir,  and  when  the  carburator  is  full  of  oil 
vapour,  the  little  plug  at  G  is  withdrawn,  and  a  lighted  match  applied. 
The  engine  is  constructed  on  the  same  principle  as  the  Davy  safety-lamp 
— ^namely,  that  of  preventing  back  ignition  by  tibe  use  of  a  wire  gause, 
or  perforated  metal  plates. 

Trials. — A  trial  of  a  5  H.P.  American  Brayton  petroleum  engine 
was  made  at  Glasgow  by  Mr.  Dugald  Clerk  in  1878.  The  speed  was  201 
revolutions  per  minute,  and  the  consumption  of  petroleum  2*16  lbs.  per 
I.n.P.  per  hour.  Much  of  the  total  power  developed  was  absorbed  in 
driving  the  air  and  petroleum  pumps.  Fig.  128  gives  an  indicator 
diagram  taken  during  the  trial,  in  which  the  prolonged  combustion 
obtained  with  ignition  at  constant  pressure  is  seen.  The  construction 
of  the  Brayton  engine  has  been  given  up  for  many  years. 

Spiel  (1883). — Both  the  two  motors  described  above  were  brought 
out  before  the  success  of  the  Otto  engine  had  fully  established  the 
superiority  of  the  compression  type.  In  the  next  oil  engine,  patented 
by  Spiel,  and  made  in  England  by  Messrs.  Shirlaw  &  Oo.,  Birmingham,  the 
Beau  de  Bochas  four-cycle  is  introduced,  and  the  engine  resembles  the  Otto 
in  many  respects.  It  has  the  drawback  of  using  inflammable  petroleum 
spirit  of  0*700  or  0*730  specific  gravity,  instead  of  the  safer  heavy  petro- 
leum. Being  easily  volatilised,  this  spirit  does  not  require  so  complicated 
a  process  to  convert  it  into  spray  as  in  engines  employing  oil  of  greater 
density.  The  motor  is  horizontal,  single-acting,  and  the  admission,  dis- 
tribution, and  exhaust  valves  are  worked  from  an  auxiliary  shaft  geared 
to  the  main  shaft  in  the  usual  way.  Ignition  is  by  a  flame  carried  in  a 
slide  valve,  working  at  the  back  of  the  cylinder,  the  method  being  the 
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same  as  in  the  original  Otto ;  the  Spiel  was  probably  the  only  oil  engine 
firing  the  charge  in  this  way. 

The  benxoline  is  drawn  from  the  reservoir  and  injected  into  the 
cylinder  by  a  small  pump  worked  from  the  auxiliary  shaft.  When  this 
plunger  pump  is  driyen  down,  it  carries  with  it  a  croeshead  working  the 
air  admission  yalve,  and  air  enters  a  mixing  chamber  at  the  back  of  the 
cylinder.  As  the  piston  continues  to  descend^  a  passage  is  opened  from 
the  pump  into  the  mixing  chamber,  a  jet  of  petroleum  spirit  is  sent  into 
the  air,  broken  into  spray  by  striking  against  a  projection,  and  the  two 
are  sucked  into  the  cylinder  by  the  admission  stroke  of  the  motor  piston. 
If  the  speed  be  too  great,  the  ball  governor  interposes  a  small  projection 
between  the  valve-rod  of  the  pump  and  the  levers  working  it.  The  two 
become  locked  and  cannot  move,  and  the  valve  remains  open,  admitting 
air  only  to  the  cylinder  until  the  speed  is  reduced. 

Drawings  of  this  engine  are  given  by  Robinson  and  Schottler.  Fig. 
129  shows  an  indicator  diagram  of  a  Spiel  oil  engine,  in  which  the  con- 
sumption of  oil  was  about  1  pint 
per  BwH.P.  per  hour.  In  an- 
other 14  B.H.P.  Spiel  engine 
having  a  cylinder  diameter  of 
9^  inches,  with  18  inches  stroke, 
and  making  160  revolutions  per 

minute,     the     consumption     of        Fig.  129. -Spiel  (Ml  Engine-Indicator 
naphtha  was  0*81  lb.  per  fi.n.P.  Diagram, 

per  hour.     The  specific  gravity 

of  the  oil  used  was  about  0*725.  It  is  contended  that,  in  spite  of  the  diffi- 
culties of  storing  and  transporting  naphtha,  owing  to  its  inflammable 
nature,  it  is  greatly  superior  to  heavy  oils  for  producing  motive  power. 
Some  interesting  experiments  were  made  with  a  small  model  engine, 
running  at  over  500  revolutions  per  minute,  in  which  the  Beau 
de  Rochas  cycle,  comprising  the  operations  of  admission,  compres- 
sion, explosion  plus  expansion,  and  exhaust  were  carried  out  four 
times  in  a  second.  Some  hundreds  of  these  engines  are  said  to  be  at 
work. 

Siemens  (1861).*-No  account  of  internal  combustion  engines  would 
be  complete  without  a  mention  of  the  motors  designed  and  patented  by 
Sir  William  Siemens.  In  1860  he  first  devoted  his  attention  to  the 
subject^  and  from  that  time  till  1881  he  brought  forward  various  engines, 
all  intended  to  illustrate  the  principle  of  utilising  the  waste  heat  of  the 
exhaust  gases,  by  passing  them  through  a  regenerator  before  discharge. 
The  incoming  mixture  entered  the  cylinder  through  the  same  regenerator. 
This  idea  of  a  regenerator  in  heat  motors  originated  with  Dr.  Robert 
Stirling,  in  1827,  but  it  has  hitherto  been  found  almost  impossible  to 
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apply  it  in  practice,  except  in  the  case  of  ur  engines,  though  in  metal- 
Inrgf  and  other  mannfactnres  it  is  largely  used. 

Sir  William  Siemens  made  many  alterations  and  improTements  in  the 
heat  engines  he  designed.  In  one  he  proposed  to  add  a  gas  generator, 
producing  water  gas  by  the  passage  of  steam  and  hot  air  under  pressure 
through  incandescent  fuel  The  gas  thus  made  was  pumped  into  a  reser- 
Toir,  and  from  thence  into  four  cylinders,  each  serving  to  charge  the  next 
through  a  regenerator  formed 
of  layers  of  metallic  game. 
From  1846  to  1881  Sir  W. 
Siemens  took  out  a  series  of 
patents  for  internally  fired 
engines.  The  last,  designed 
not  long  before  his  death, 
exhibited  hie  matured  views 
on  the  subject.  It  embodies 
the  principle  of  combustion 
at  constant  pressure,  and  al- 
though never  worked,  it  is 
valuable  as  indicating  possi- 
bly on  what  lines  the  heat 
engine  of  the  future  may  be 
improved. 

The  Siemens  Begenera- 
tive  Engine  (1881)  is  shown 
in  sectional  elevation  at  Fig. 
130.  There  are  two  motor 
cylinders  A  and  A,,  the 
pbtons  of  which  work  verti- 

mg.lSO.-Sl.„.,»;R.g„™iiv.Engi»..  1881.  olly  throngh  th.  oonieotmg- 
rods  0  and  Oj  upon  the 
crank  shaft  K,  at  an  angle  of  180*  apart.  The  cylinders  are  divided 
into  two  parts.  The  lower  in  each  has  a  water  cooling  jacket  W, 
the  upper  part  is  lined  with  fireclay.  The  differential  pistons  com- 
press the  mixture  on  one  face  during  the  down  stroke,  white  the  explosive 
gases  are  expanded  on  the  other.  At  the  top  of  each  cylinder  are  the 
regenerators  R  and  R^,  consisting  of  thin  sheets  of  metallic  gauze.  All 
the  valves  for  admission,  distribution,  and  exhaust  are  contained  in  a 
revolving  cylindrical  valve  F,  worked  from  the  crank  shaft  by  equal  bevel 
wheels  O.  The  exhaust  E  is  at  the  top,  and  a  passage  at  p^  is  opened  to 
it  alternately  from  either  cylinder.  Qas  and  air  are  admitted  through 
the  pipes  m  and  n,  and  ports  p,  to  the  lower  part  of  either  cylinder, 
during  one  revolution  of  the  cylindrical  valve.     The  suction  of  the  up- 
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stroke  draws  them  in,  the  down-stroke  compresses  them  into  a  reservoir 
at  the  side.  From  here  the  compressed  mixture  passes  to  the  upper  part 
of  the  cylinders,  through  the  regenerator  and  the  ports  p^*  The  products 
of  combustion  discharged  on  the  upper  face  of  the  piston  by  the  up- 
stroke, are  forced  through  the  regenerator  on  their  way  to  the  atmo- 
sphere, and  some  of  their  surplus  heat  is  stored  up  in  it.  As  the  fresh 
charge  enters,  drawn  in  by  the  vacuum  produced  by  the  expulsion  of  the 
exhaust  gases,  light  hydrocarbon  oil  is  dropped  on  to  it  from  the  oil  tank 
O  above,  and  part  of  the  mixture  is  fired  electrically.  The  remainder  of 
the  charge  is  immediately  kindled,  and  flows  forward  as  flame  into  the 
cylinder,  the  flame  being  prevented  from  spreading  back  into  the  reser- 
voir by  the  gauze  diaphragm  of  the  regenerator.  The  piston  is  driven 
down  by  the  expansion  of  the  gases,  and  compresses  below  it  a  fresh 
charge  into  the  reservoir ;  during  the  up-stroke  the  cylindrical  valve 
opens  communication  with  the  exhaust 

Two  ingenious  and  economical  ideas  are  embodied  in  this  engine. 
Some  of  the  heat  of  combustion  is  stored  in  the  regenerator,  and  imparted 
to  the  fresh  charge,  and  inflammable  oil  is  used  to  mix  with  the  gas,  and 
render  it  easier  to  ignite.  Neither  of  these  innovations  has  hitherto  been 
applied  to  any  extent,  in  practice,  to  gas  or  oil  engines. 
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WORKING  METHOD  IN  OIL  ENGINES— THE  PBIESTMAN 
OIL  ENGINE  AND  TABBOW  SPIBIT  LAUNCH. 
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Launch. 

If  Otto  can  claim  the  honour  of  having  made  ike  gas  engine  a  practical 
working  success,  after  the  efforts  of  Lenoir,  Hugon,  and  others,  the 
same  credit  belongs  to  Messrs.  Priestman  as  regards  oil  engines.  Long 
before  the  introduction  of  their  motor  into  this  country,  oil  engines  had 
been  designed  and  worked,  but  there  was  a  prejudice  against  them, 
because  of  the  inflammable  petroleum  spirit  with  which  they  were 
chiefly  driven.  The  Brayton,  the  only  engine  using  non-explosive  petro- 
leum, had  never  become  popular,  owing  probably  to  the  imperfections 
in  its  cycle,  its  extravagant  consumption  of  oil,  and  low  mechanical 
efficiency.  Whatever  the  cause,  oil  engines  were  scarcely  known  or 
used  until  the  appearance  of  the  Priestman  in  1888.  About  this  time 
Messrs.  Priestman  acquired  Et^ve's  patent,  and  their  oil  motor  was 
introduced  at  the  Nottingham  Agricultural  Show  in  the  same  year. 

Reqtiisites  of  Oil  Engines. — In  any  engine  intended  to  supply  the 
deficiencies,  and  remedy  the  drawbacks  of  gas  or  steam,  the  following 
points  must  be  considered: — It  should  be — I.  Self-contained,  having 
everything  requisite  for  its  efficient  working  for  a  certain  length  of 
time.  II.  Safe  and  simple,  using  as  the  working  agent  a  combustible 
which  is  neither  difficult  to  procure,  nor  dangerous  to  transport.  III. 
Easy  to  handle,  so  that  any  ordinary  unskilled  workman  can  drive  it. 
This  is  advisable,  because  these  engines  are  frequently  placed  in  the 
hands  of  labourers  without  any  knowledge  of  machinery.  lY.  Com- 
pact, and  easily  transported  from  place  to  place.  Y.  Economical  in 
working. 

Many  petroleum  engines  were  originally  constructed  to  use  gas  as 
the  motive  power,  and  the  oil  vaporising  apparatus  was  added  after- 
wards. Almost  all  oil  motors  employ  the  usual  gas  engine  cycle,  the 
series  of  operations  proposed  by  Beau  de  Rochas  and  adopted  by  Otto, 
comprised  in  four  strokes  of  the  piston,  with  one  explosion  every  two 
revolutions.     Excellent  results  are  obtained  with  this  cycle,  and  as  a 
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rule  the  engines  run  at  a  hi^er  speed  than  gas  motors.  The  action 
and  method  of  utilising  the  power  is  the  same  as  has  already  been  de- 
aciibed,  the  differenoe  consists  in  the  treatment  of  the  petroleum.  In 
no  two  motors  is  the  process  precisely  the  same,  though  in  all  the  oil  is 
broken  up  by  the  addition  of  air,  and  vaporised  by  applying  heat  The 
following  classification,  given  in  The  Engineer,  June  24,  1892,  of  the 
methods  by  which  the  oil  is  evaporated,  may  be  found  useful : — 

Classifloation. 

!1.  Engines  in  which  the  oil,  before  entering,  the  cylinder, 
is  converted  first  into  oil  spray,  forming  an  oil  shower,  and 
next  into  vapour  in  a  hot  chamber. 

2.  Engines  in   which   the  liquid  oil   is   injected  into  a 
prolongation    of    the    engine    cylinder,    a    hot    cartridge 
chamber  or  combustion  space,  where  it  is  converted  into 
jSfo         vapour  or  gas. 
Spray-  "{       3-  Engines  in  which  the  oil  is  converted  into  vapour  or 
maker.      &^  ui  a  chamber  contiguous  to  the  cylinder,  and  communi- 
cating with  it  by  a  valve. 

4.  Engines  in  which  the  oil  is  converted  into  vapour  or 
gas  in  a  separate  chamber,  heated  apart  from  the  cylinder. 

The  charge  thus  prepared  for  use  is  fired  in  one  of  the  three  follow- 
ing ways : — 

1.  By  electricity. 

2.  By  a  tube  heated  by  an  oil  lamp. 

3.  By  spontaneous  ignition  of  the  oil  vapour,  due  to  compression  and 
the  heat  of  the  vaporising  chamber. 

Oil  Engine  Cycle. — Much  has  been  done  within  the  last  few  years 
to  increase  our  knowledge  of  the  cycle  of  heat  in  oil,  as  distinguished 
from  gas  engines.  The  subject  has  been  most  carefully  studied  and 
investigated  by  German  scientific  men  and  engineers,  foremost  among 
whom  is  Professor  Meyer,  to  whose  admirable  researches  the  author  was 
greatly  indebted.  It  is  now  known  that,  in  a  few  important  respects, 
heat,  when  applied  to  oil,  produces  a  different  effect  to  that  obtained  in 
gas  engine  cylinders,  and  necessitates  several  changes  in  the  standard 
type  of  construction  of  internal  combustion  motors.  The  valve  gear, 
ignition,  method  of  governing,  and  especially  the  vaporisation  of  the 
oil,  all-  require  and  have  lately  received  special  attention.  It  is  most 
important  to  obtain  the  maximum  explosive  pressure,  and  this  is  best 
produced  by  thoroughly  mixing  the  air  and  oil  vapour  previous  to  com- 
bustion. Professor  Robinson  has  also  made  valuable  contributions  to 
our  knowledge  of  the  nature  and  properties  of  oil.  These  researches 
have  been  already  mentioned,  and  should  be  carefully  noted  by  students. 
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In  his  opinion  one  of  the  essential  points  in  the  oil  engine  cycle  is 
accurately  to  measure  and  control  the  quantity  of  oil  admitted  to  the 
cylinder  per  stroke,  and  this  has  been  more  scientifically  done  in  modem 
engines  of  late  years  than  formerly. 

The  classification  adopted  by  Professor  Meyer,  and  by  most  German 
authorities,  is  perhaps  more  practical  than  that  given  above,  and  better 
corresponds  to  our  present  knowledge  of  what  takes  place  in  an  oil 
engine  cylinder.  In  their  methods  of  dealing  with  the  charge,  he 
divides  oil  engines  into  two  classes.  In  the  one,  as  in  gas  engines,  the 
finely-divided  oil  and  air  are  mixed  outside  the  admission  valve,  the  oil 
being. either  conveyed  to  it  by  a  pump,  or  flowing  by  gravity  from  a 
receiver  above.  In  the  second  class  there  are  two  admission  valves  in 
different  parts  of  the  compression  space.  The  oil  enters  through  one, 
with  sufficient  air  to  spray  it,  while  the  main  volume  of  air  is  admitted 
through  the  other,  and  the  explosive  charge  is  formed  in  the  cylinder,  at 
the  end  of  the  compression  stroke. 

Oil  motors  may,  therefore,  be  thus  classified  :— 

Class  I. — Engines  in  which  the  oil  and  air  are  mixed  before  admis- 
sion to  the  cylinder,  and  then  vaporised.  These  engines  have  an  oil 
valve  or  pump,  admission  and  exhaust  valves. 

Class  II. — Engines  in  which  the  oil  and  air  are  mixed  in  the  cylinder 
itself,  afber  vaporisation.  These  engines  have  an  exhaust  valve,  spraying 
valve  with  or  without  a  pump,  and  air  valve. 

We  will  now  consider  the  chief  parts  of  an  oil  motor,  in  which  it 
differs  from  a  gas  engine. 

Valves. — Three  valves  are  required  for  the  admission  of  the  working 
fluid  to  the  cylinder  and  its  discharge — ^the  exhaust  valve,  which  seldom 
varies  in  type ;  the  oil  valve,  and  the  admission,  properly  so  called,  or 
vapour  valve,  to  admit  the  charge  after  mixing.  Lift  valves  are  almost 
invariably  used.  The  exhaust  valve  is  nearly  always  positively  driven 
by  a  lever  and  cam,  or  their  equivalent.  The  other  two  valves  may  be 
automatic,  their  ''  lift "  depending  on  the  lower  pressure  in  the  cylinder 
during  the  suction  stroke,  and  their  fall  on  the  re-established  equilibrium 
of  pressure.  If  the  admission  valve  does  not  rise,  the  vacuum  in  the 
cylinder  increases,  and  eventually  causes  it  to  lift.  The  action  of  the 
smaller  oil  valve  is  not  equally  certain,  and  therefore  it  is  often  mechani- 
cally driven,  unless  permanently  connected  to  the  admission  valve. 
Thus  the  oil  and  air  valves  are  sometimes  automatic,  but  the  oil  pump  is 
always  driven,  and  many  makers  prefer,  especially  with  large  engines,  to 
work  all  the  valves  mechanically. 

Ignition  is  often  by  hot  tube,  but  electric  ignition  is  much  used  for 
larger  engines,  chiefly  on  the  Continent,  and  spontaneous  ignition,  as  in 
the  Diesel  engine  (Chap,  xxiii.),  is  now  frequent.     Engines  which  adopt 
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the  latter  method  of  firing  the  charge,  and  dispense  with  an  external 
flame,  osaallj  belong  to  Class  II.  In  all  but  the  smallest  sizes,  when 
working  without  a  lamp,  flame,  or  electric  spark,  some  part  of  the 
cylinder  near  the  cover  must  be  kept  at  a  red  heat,  to  ignite  the  charge. 
This  portion  should  not  project  sideways  into  the  cylinder,  like  an 
ordinary  ignition  tube,  because,  however  carefully  covered,  loss  of  heat 
by  radiation  caxinot  be  prevented,  and  the  heat  generated  by  explosion 
would  not  be  sufficient  to  counteract  it.  If  this  hot  zone  be  located  in 
the  cylinder  itself  and  the  explosive  mixture  carried  past  it,  when 
already  mixed  with  air,  and  therefore  inflammable,  it  would  almost 
certainly  ignite  prematurely  during  the  admission  stroke.  In  engines  of 
Class  II.,  a  zone  sufficiently  hot  to  fire  the  charge  can  be  arranged  in  the 
cylinder  itself,  and,  as  only  oil  passes  it  during  the  admission  stroke, 
premature  ignition  cannot  take  place.  The  air  is  introduced  separately, 
and  only  reaches  the  hot  zone  at  the  end  of  the  compression  stroke,  and 
as  this  air  is  already  heated  by  compression,  it  does  not  cool  the  hot 
part  as  it  would  do,  if  brought  in  contact  with  it  immediately  after 
admission. 

The  keynote  of  the  latest  efforts  to  ameliorate  the  cycle  in  internal 
combustion  engines  is  higher  compression  of  the  charge  previous  to 
ignition.  Scientific  men  and  engineers  are  now  universally  of  opinion 
that  in  greater  compression  lies  the  secret  of  economy.  In  gas  engines, 
the  limit  of  compression  depends  practically  on  the  tightness  of  the 
valves  and  piston  rings ;  but  in  oil  motors,  if  the  charge  of  oil  vapour 
and  air  be  too  highly  compressed,  premature  spontaneous  ignition  occurs, 
which  should  always  be  avoided.  Hence  the  necessity,  as  already 
shown,  of  compressing  the  oil  and  air  separately.  This  is  done  to  a 
certain  extent  in  the  Capitaine  motor,  where  only  a  very  small  quantity 
of  air,  sufficient  to  vaporise,  but  not  to  ignite  the  charge,  is  first  admitted 
to  mix  with  the  oil,  and  in  the  Diesel,  where  the  whole  of  the  air  is 
separately  and  highly^  compressed,  and  a  minute  quantity  of  oil  injected 
into  it  at  the  end  of  the  compression  stroke.  The  same  result  is  aimed 
at,  more  or  less,  in  most  of  the  latest  oil  engines,  and,  in  a  few,  water 
injections  serve  the  same  purpose. 

Vaporiser. — This  is  one  of  the  most  important  parts  of  an  oil  motor, 
and  upon  its  shape,  temperature,  and  position  the  successful  working  of 
the  engine  depends.  To  ignite  a  mixture  of  oil  and  air  in  a  cylinder 
properly,  the  oil  should  be  well  pulverised,  to  divide  it  into  very  fine 
particles.  These  evaporate  when  brought  in  contact  with  the  hot  tube, 
ignite,  and  communicate  their  heat  to  other  particles,  causing  propaga- 
tion of  the  flame,  especially  if  the  oil  and  air  are  mixed  in  right  propor- 
tions, and  highly  compressed.     Mere  pulverisation  of  the  charge  is  not, 

however,  sufficient,  it  must  be  vaporised  as  well.     All  the  oil  is  never 
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pulverUed,  drops  remain  in  the  mixture  which,  if  there  is  anj  change 
of  direction  in  the  pipes  leading  to  the  cylinder,  are  projected  and  thrown 
against  the  walls.  Vaporisation  breaks  up  these  drops,  if  the  walls  of 
the  compression  space  and  oil  pipe  are  kept  at  a  suitable  temperature. 
During  the  admission  stroke  the  piston  uncovers  portions  of  the  cylinder, 
the  temperature  of  which  cannot  be  much  higher  than  that  of  the  water 
in  the  circulating  jacket,  and  against  these  cooler  surfaces  the  oil  will 
condense  in  a  similar  way  to  steam  in  a  steam  cylinder.  These  large 
surfaces  should  as  much  as  possible  be  reduced  to  a  minimum,  and  the  oil 
kept  hot  enough  to  diminish  this  condensation. 

In  engines  of  Class  I.,  if  the  compression  pressure  be  diminished  to 
avoid  the  danger  of  violent  explosions,  the  heat  efficiency  will  be  reduced. 
As  long  as  the  vaporiser  is  not  allowed  to  get  too  hot,  and  its  tempera- 
ture adjusted  to  the  degree  of  compression,  the  engine  will  work  well  and 
quietly,  but  it  is  difficult  to  regulate  the  heat  of  this  part  of  the  engine. 
The  vaporiser  should  not  be  too  large,  or  too  much  of  the  charge  will 
remain  in  it.  It.  is  heated  either  directly  by  a  flame,  or  indirectly  by  the 
heat  from  the  explosions  in  the  cylinder,  and  the  exhaust  gases.  If 
protected  from  radiation,  it  may  even  become  hotter  in  the  latter  than  in 
the  former  case. 

In  engines  of  Glass  II.,  where  most  of  the  air  does  not  come  in  con- 
tact with  the  vaporiser,  the  latter  can  be  at  a  much  higher  temperature, 
without  the  danger  of  premature  ignition.  It  may  indeed  be  so  hot  that 
it  serves  for  ignition,  when  there  is  no  timing  valve.  It  is  necessary, 
however,  to  guard  against  having  so  high  a  temperature  in  the  vaporiser 
that  oil  gas  is  formed,  with  tarry  and  solid  carbon  deposits.  This  is 
usually  prevented  by  the  addition  of  some  of  the  products  from  the 
former  charge,  and  the  excess  of  air  admitted,  which  together  hold  the 
heavier  hydrocarbons  in  the  petroleum  vapour  in  suspension.  The  oil 
should  be  broken  up,  and  completely  burnt,  before  there  is  time  for  the 
heavier  hydrocarbons  to  decompose.  Experiments,  however,  are  still 
needed  to  determine  whether  combustion  in  engines  of  Glass  II.  is  as 
complete  as  in  Glass  I.     The  consumption  of  oil  is  about  the  same. 

In  the  best  motors  the  average  consumption  may  be  taken  at  |  lb.  oil 
per  B.H.P.  hour,  but  it  is  often  1  to  li  lbs.  (see  Table  of  Tests  No.  9). 
Condensation  and  incomplete  combustion,  especially  when  running  with 
light  loads,  must  be  taken  into  account.  If  the  consumption  exceeds 
about  1  lb.  oil  per  B.H.P.  hour,  the  volume  of  air  in  the  cylinder  may  not 
be  sufficient  to  ensure  complete  combustion.  Sharp  curves  and  "  elbows  " 
in  the  parts  should  be  avoided.  To  improve  the  construction  of  oil 
engines,  which  is  much  to  be  desired,  the  admission,  breaking  up,  and 
vaporisation  of  the  oil — in  fact,  its  "handling''  from  the  moment  it 
enters  the  engine — should  be  carefully  studied.     According  to  a  German 
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Authority,  Herr  Dopp,  it  should  be  completely  converted  into  vapour  by 
external  application  of  heat,  and  upon  its  more  or  less  complete  vaporisa- 
tion and  combustion  the  consumption  depends.  The  necessity  of  great  heat 
in  vaporising  heavy  oil  was  not  at  first  understood,  probably  because  in 
the  early  oil  motors  only  light  petroleum  was  used.  Unless  this  heat  be 
applied  the  charge  is  not  homogeneous,  and  its  composition  fluctuates  in 
a  way  the  engineer  cannot  control,  while  if  combustion  be  incomplete  the 
engine  becomes  foul,  and  the  valves  and  governor  do  not  work  properly. 
To  test  the  combustion,  a  sheet  of  white  paper  may  be  held  over  the  end 
of  the  exhaust  pipe,  when  the  engine  is  well  under  load.  If  the  oil  is 
perfectly  vaporised  and  burnt,  no  oil  drops  should  be  found  on  the 
paper. 

Iiamp. — In  most  oil  engines  special  petroleum  lamps  are  required  to- 
heat  the  ignition  tube,  and  most  of  them  are  on  the  same  principle.  The 
oil  pipe  is  led  roiind  the  flame  to  evaporate  the  oil,  which  issues  out  in  a 
fine  spray,  together  with  sufficient  air  for  its  combustion.  The  oil  either 
flows  to  the  lamp  by  gravity,  or  is  forced  by  an  air  pump  worked  by  hand 
into  a  vessel  at  high  pressure;  the  latter  arrangement  seems  to  be  the 
best,  and  is  used  in  many  engines.  The  reservoir  containing  the  oil  ia 
fitted  with  a  pressure  gauge,  and  is  sufficiently  strong  for  a  pressure  of  20 
to  25  lbs.  per  square  inch.  It  has  a  funnel  with  air-tight  joint,  and  an  air 
pump  with  piston  and  delivery  valve.  The  end  of  the  supply  pipe  to  the 
burner  is  about  1  inch  from  the  bottom  of  the  reservoir.  The  burner  or 
lamp,  which  has  no  wick,  consists — in  the  Roots  and  other  oil  engines — 
of  a  bent  tube  filled  with  oil  in  a  cylindrical  casing,  a  clear  passage  being 
left  through  the  centre  of  the  casing  for  the  flame.  The  length  of  the 
coil  presents  a  sufficient  heating  surface  to  the  flame  to  vaporise  the  oil. 
The  latter,  sent  on  from  the  reservoir  by  the  air  pressure,  is  thus  com- 
pletely vaporised  before  it  escapes  from  the  bottom  of  the  coil,  and  is 
ignited.     Thus  the  lamp  provides  the  heat  for  its  own  vaporisation. 

To  start  the  engine,  the  burner  is  first  heated  by  a  piece  of  asbestos  or 
cotton  waste  dipped  in  oil,  and  the  air  pump  worked  by  hand  till  the 
requisite  pressure  is  attained.  The  pressure  of  air  forces  the  oil  through 
the  pipe  to  the  burner,  a  current  of  air  is  carried  with  it,  and  thus  the 
oil,  when  it  issues  out  at  the  bottom  of  the  coil,  is  not  only  vaporised  but 
mixed  with  air,  and  burns  with  a  strong  flame,  and  considerable  noise. 

Another  kind  of  lamp,  often  used  in  small  engines  to  heat  the 
vaporiser,  is  of  what  is  called  the  blast  type,  and  consists  of  a  circular 
lamp  with  a  little  vertical  air  pump  inside  it.  The  rod  of  the  pump  is 
worked  by  hand,  and  gives  a  pressure  of  air  on  the  top  of  the  oil,  forcing 
it  out  to  the  wick.  A  few  strokes  of  the  air  pump  furnish  a  pressure 
sufficient  to  last  for  some  time.  When  in  proper  working  order  the  lamp 
makes  a  loud  noise,  and  this  is  an  indication  of  the  pressure  of  air. 
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GoTemOT. — To  regnUte  the  ipeed  of  ui  oU  engine  hy  catting  off  the 
enppl;  of  oil,  and  passit^;  air  onlj  through  the  cylinder,  ia  not  altogether 


desirable.  If  the  exhanat  gases  be  ntilised  to  heat  the  vaporiser,  no  heat 
can  he  commnQicated  to  it  if  there  are  no  explosions.  The  raporiser 
becomes  chiLled,  and  the  next  time  oil  is  admitted,  the  temperature  not 
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being  high  enongh  to  evaporate  it  completely,  anbnrat  oil  paasea  through 
the  cylinder.  As  oil  engines  &re  made  chiefly  in  the  smaller  sizeB,  how- 
ever, the  speed  is  generally  controlled,  in  English  motors,  on  the  "  hit- 
and-miss "  principle.  Ifenginesof  CUaa  II.  are  governed  by  holding  the 
exhaust  open,  the  products  when  drawn  back  into  the  cylinder  cool  it  so 
much  that,  at  the  next  explosion,  the  charge  will  not  ignite.  The  valve 
shonld  be  held  closed,  »nd  the  heat  retuned. 

Wb  will  now  consider  the  different  types  of  oil  engines. 

Frlestman. — This  engine  nses  almost  any  kind  of  heavy  oiL  It 
works  best  with  oommon  petrolenm,  having  a  specific  gravity  of  about 
0-80,  and  flashing  point  100*  F.,  bnt  it  may  also  be  driven  with  heavy 
Scotch  paraffin,  of  0-820  specific  gravity,  and  flashing  point  150*  F.  and 
upwards.  Of  coarse,  the  heavier  the  oil  the  thicker  will  be  the  residnnm, 
and  the  more  carbon  will  be  deposited  inside  the  engine.     These  very 
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heavy  oils  cannot  be  properly  treated  in  an  engine  cylinder,  by  raiung 
the  temperature,  because  if  the  oil  is  too  much  heated,  it  is  converted 
into  oil  gas,  and  tarry  deposits  are  formed.  Very  high  temperatures  are 
also  undesirable  because  they  reduce  the  weight  of  oil  admitted  per 
stroke,  and  thus  the  power  developed.  The  proper  temperature  of  ihe 
charge  of  oil  vapour  and  air,  on  entering  the  cylinder,  has  been  determined 
by  experiments  at  from  170*  to  300°  F.,  according  to  the  size  of  engine. 
The  proportions  are  191  cubic  feet  of  air  to  -016  cubic  inch  of  oil  vapour, 
for  a  1  H.F.  engine. 

Fig.  131  gives  an  elevation,  and  Fig.  132  a  sectional  view  of  the 
cylinder,  water  jacket,  and  valves  of  the  Friestman  oil  engine.  Both 
drawings,  as  well  as  several  of  the  following  details,  are  taken  from 
Professor  TJnwin'a  paper  in  the  Proceeding*  of  .the  InttUution  0/  Civil 
Engineers,  vol.  ciz.,  1893.  The  horizontal  motor  cylinder  A  is  divided 
from  the  compression  space  0,  the  proportional  volume  of  the  two  being 
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^-dearaoce  or  compreasiou,  88  cubic  inches;  volume  described  bj  the 
piston,  191  cubic  inches,  for  a  1  H.P.  nomin&l  engine.  The  piBton  P 
worka  oq  to  the  cr&nk  shaft  through  a  connecting-rod.  At  the  back  of 
the  cylinder  are  two  lift  valves,  inlet  and  exhanst,  the  latter  is  vorked 
by  an  eooentric  k  on  the  auxiliary  shafts  revolving  at  half  the  speed  of 
the  crank  shaft. 

Spray  Maker. — The  chief  parts  of  the  engine  are  the  vaporiser  am) 
spray  maker,  shown  belov  the  cylinder  (Pig.  131).  The  oil  tank  in  Fig. 
131  is  under  the  crank  shaft,  and  when  full,  is  sufficient  to  last  for  two 
or  three  days.  A  gloss  gauge  shows  the  level  of  oil.  A  small  air  pump 
J  is  worked  by  the  eccentric  k,  which  also  drives  the  exhaust  valve. 
The  air  is  filtered  through  gauze,  and  compressed  into  the  oil  tank  at  a 
pressure  of  8  to  25  lbs.  per  square  inch  above  atmosphere.  This  preesure 
forces  two  streams  of  oil  and  air  into  the  spray  maker  8,  from  whence 
they  are  injected  into  the  vaporiser.    At  starting,  the  oil  and  air  are  sent 
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Engine— Spray  Maker.  Vftporiser. 

through  the  same  cock  to  a  small  lamp  below  the  vaporiser,  which  serves 
to  heat  it  up. 

The  spray  maker,  seen  at  Fig.  133,  is  one  of  the  most  ingenious  parts 
of  the  motor.  According  to  the  makers,  the  pulverisation  of  the  oil  and 
its  complete  mixture  with  the  air  depend  on  the  shape  of  the  two 
nozzles,  as  shown,  and  their  exact  form  was  only  determined  after 
numerous  experiments.  The  oil  passes  through  the  central  tube  in  a 
small  stream,  and  the  air  surrounding  it  is  turned  back  with  considerable 
force  to  meet  it,  the  result  being  that  the  oil  is  driven  out  in  a  spray  as 
fine  as  is  required.  Fig,  134  shows  the  vaporiser,  the  method  of  regulat- 
ing the  supply  by  the  governor,  and  of  admitting  the  air  necessary  for 
the  charge.  As  the  oil  and  air  enter,  the  iu-stroke  of  the  motor  piston 
lifts  the  non-retnm  valve  G,  and  draws  into  the  vaporiser  a  supply  of  air 
from  outside  through  the  throttle  valve  F.     This  auxiliary  charge  passes 
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through  a  number  of  fine  holes  d  d  in  the  circular  air  passage  of  the 
vaporiser  b  6.  The  sudden  inrush  of  fresh  air  sweeps  forward  the  oil  and 
air  with  it  into  the  cylinder. 

Vaporiser. — The  vaporiser  is  divided  into  two  parts.  In  the  first 
the  oil  and  compressed  air  are  mixed  with,  and  broken  up  by,  the  air 
admitted  through  F ;  in  the  second  the  charge  is  vaporised  by  the  heat 
from  the  exhaust  gases  which,  at  a  temperature  of  about  600^  F.,  are  led 
through  pipe  H  (Fig.  131)  round  the  vaporising  chamber,  before  being 
allowed  to  escape  into  the  atmosphere.  As  in  many  other  oil  engines, 
air  is  twice  admitted,  a  small  quantity  to  spray  the  oil,  and  the  bulk 
afterwards,  to  mix  with  it,  and  form  the  explosive  charge,  llie 
vaporiser  is  contained  in  the  frame  of  the  engine,  under  the  cylinder, 
as  seen  at  Fig.  131. 

Governor. — The  speed  of  the  engine  is  regulated  by  means  of  the 
spindle  S  above  the  throttle  valve  (Fig.  134).  It  contains  a  small  V- 
shaped  opening  at  /  through  which  the  oil  is  admitted  from  the  tank  to 
the  spray  maker,  and  the  wing  of  the  valve  F  is  keyed  to  the  lower  part 
of  the  same  spindle.  The  section  of  the  orifice  can  be  regulated  to  admit 
a  given  quantity  of  oil.  If  the  speed  is  too  great,  the  centrifugal 
governor  drives  down  the  spindle,  contracts  the  opening,  and  at  the 
same  time  acts  upon  the  throttle  valve,  and  reduces  the  quantity  of  air 
passing  to  the  vaporiser.  Thus  the  strength  of  the  explosions  is  varied, 
the  proportions  of  oil  and  air  being  always  the  same  per  stroke,  and  no 
explosions  are  missed.  The  charge  then  passes  through  the  automatic 
admission  valve  n  (Fig.  132),  to  the  back  of  the  cylinder,  where  the 
usual  series  of  operations  in  four-cycle  motors  takes  place.  Electric 
ignition  is  used,  the  spark  to  fire  the  charge  being  generated  by  means 
of  two  platinum  wires  in  a  battery,  shown  to  the  left  in  Fig.  131  ;  con- 
tact is  established  by  a  projection  on  the  eccentric-rod.  Tube  ignition  is 
also  sometimes  employed. 

The  shafb  driving  eccentric  k  causes  the  electric  ignition  of  the  charge, 
works  the  valve  e  to  open  the  exhaust,  and  drives  the  small  air  pump  J. 
A  small  hand  pump  h  (Fig.  131)  is  used  to  force  air  at  a  pressure  of  20 
lbs.  per  square  inch  into  the  oU  tank,  before  the  engine  is  at  work.  To 
start  it,  a  supply  of  oil  from  the  tank  is  sent  by  the  pump  to  the  lamp 
below  the  vaporiser.  After  lighting  the  lamp,  a  few  turns  by  hand  are 
given  to  the  flywheel  to  draw  a  charge  into  the  cylinder,  the  electric 
current  is  switched  on,  and  the  engine  begins  to  work.  The  oil  tank  and 
vaporiser  are  easily  accessible  through  the  opening  in  the  frame. 

In  the  latest  types  a  minute  quantity  of  water  is  injected  into  the 
cylinder,  when  the  engine  is  working  at  full  load.  A  valve  opening  into 
the  water  jacket,  and  held  on  its  seat  by  a  spring,  communicates  through 
a  pipe  attached  to  the  hole  for  the  indicator  cock  with  a  graduated  cock. 
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and  the  supplj  of  water  is  thus  regulated.  The  auction  of  the  motor 
piston  at  maximum  load  opens  the  valve,  the  water  is  drawn  in,  and 
mixes  with  the  charge.  On  the  advantage  of  water  injections  see  p.  337. 
Although  the  pressure  with  petroleum  vapour  rises  more  rapidly  than 
with  gas,  the  curve  of  pressures,  shown  by  the  indicator  diagram  of  the 
Priestman  engine,  does  not  rise  as  high  as  in  gas  motors,  owing  partly 
to  the  larger  compression  space.  The  engine  requires  no  lubrication.  A 
small  portion  of  the  oil  is  condensed  during  the  compression  stroke,  de- 
posited upon  the  inner  surfaces  of  the  cylinder,  and  forms  a  layer  of 
grease.  As  the  fuel  used  is  heavy  mineral  oil,  it  is  not  inflammable. 
Some  interesting  experiments  to  prove  this  have  been  made  by  Professor 
Robinson,  who  exhibited  an  engine  before  the  Society  of  Arts  in  May, 
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Fig.  135. — Priestman  Oil  Engine — Indicator  Diagram. 

1891,  in  which  the  air  was  shut  off  from  the  vaporiser,  and  oil  alone 
injected.  A  lighted  match  held  to  this  oil  jet  would  not  ignite,  but  it  was 
readily  fired  as  soon  as  the  air  was  again  admitted  to  divide  and  break 
it  up. 

The  first  portable  Priestman  oil  engine  of  6  H.P.  was  exhibited  at 
the  Jubilee  Meeting  of  the  Agricultural  Society  in  1889.  In  this  engine 
the  water  from  a  tank  was  circulated  in  the  cylinder  jacket  by  a  pump 
driven  from  an  eccentric.  The  construction  and  working  were  similar  to 
those  of  the  horizontal  single-cylinder  motor. 

Trials. — Several  excellent  trials  have  already  been  made  on  this 
engine,  chiefly  by  Professor  Unwin.  In  1889  he  tested,  at  the  Agri- 
cultural Show  at  Plymouth,  a  5  H.P.  horizontal  Priestman  motor,  with 
8^-inch  cylinder  and  12-inch  stroke.  Five  trials  were  made  with  two 
kinds  of  oil,  and  every  care  was  taken  to  ensure  accurate  results.     In  the 
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first  test  an  American  oil  was  used,  of  0*793  density,  flashing  point  77" 
F.,  and  heating  value  about  19,700  B.T.U.  per  lb.  The  four  other  trials 
were  made  with  Russian  oil,  of  density  0*822,  flashing  point  86"*  F.,  and 
a  calorimetric  value  of  19,600  B.T.U.  per  lb.  Fig.  135  gives  a  diagram 
taken  during  the  trials  with  Russian  oil.  In  trials  at  full  power  the 
following  results  were  obtained : — 

Rbults  ov  Tbial  bt  PBorsssoB  Unwin  on  a  5  H.P.  Prustmak  Engine. 
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The  heat  expenditure  was  as  follows  : — Heat  utilised,  16'12  per  cent.; 
carried  awaj  in  jacket  water,  47*54  per  cent. ;  in  exhaust  gases,  26*72 
per  cent.;  lost  by  radiation  and  unaccounted  for,  9*61  per  cent.  The 
engine  was  examined  at  the  end  of  the  trials,  and  found  to  be  perfectly 
clean  and  free  from  soot  or  deposit,  an'd  the  points  of  the  electric  wires 
were  not  coated  with  carbon.  Another  trial  was  carried  out  on  a  Priest- 
man  engine  developing  6*76  B.H.P.,  by  Professor  Unwin  at  Hull  in  1891. 
With  Russian  oil  the  consumption  was  0*94  lb.  per  B.H.P.,  and  0*86  lb. 
per  I.H.P.  per  hour.  Details  of  these  and  other  trials  will  be  found  in 
Professor  TJn win's  paper  already  quoted. 

Another  trial  was  made  in  1890  by  Mr.  W.  T.  Douglass  on  a  25*5 
B.H.P.  double-cylinder  Priestman  engine,  driving  an  electric  plant, 
in  which  the  consumption  was  1*1  lbs.  of  oil  per  B.H.P.  per  hour.  The 
progressive  decrease  in  the  oil  consumption  per  H.P.  in  these  engines  is 
striking.  In  1888  1*73  lbs.  of  oil  was  required  per  B.H.P.  per  hour,  in 
1889  1*42  lbs.  At  Plymouth  the  consumption  was  1*24  lbs.,  and  in  the 
trials  by  Professor  Unwin  in  1891,  0*94  lb.  per  B.H.P.  per  hour.  A  trial 
was  also  made  at  Nottingham  in  December,  1900,  by  Professor  Robinson 
on  a  10*75  B.H.P.  engine.  The  oil  used  was  American  Royal  Daylight, 
of  0*79  specific  gravity,  and  18,800  B.T.U.  per  lb.  heating  value.  The 
consumption  was  1*05  lbs.  per  B.H.P.  hour.  For  further  details  see 
Table  No.  9. 

Amerioan  Type. — ^The  engine  has  been  taken  up  by  a  firm  in  the 
United  States,  where  oil  is  cheap.  It  is  in  considerable  request,  because 
it  utilises  heavy  cheap  petroleum  distillate,  and  the  arrangements  for 
atomising  the  oil  have  lately  been  improved.  A  new  method  of  igniting 
the  charge  has  been  introduced,  which  is  said  in  some  respects  to  be 
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better  than  electricity.  The  low  cost  of  petroleum  refuse  in  Americft 
makes  this  engine,  in  which  it  can  be  burnt  without  difficulty,  popular 
in  the  United  States. 

Messrs.  Priestman  make  their  engines  horizontal  and  vertical,  in 
sizes  from  1  RH.P.  upwards.  The  larger  sizes  have  two  cylinders  side 
by  side.  The  horizontal  engines  run  at  from  300  revolutions  for  smaller 
sizes,  up  to  160  revolutions  for  the  largest,  vertical  engines  from  350  ta 
190  revolutions  per  minute.  A  patent  self-starter  for  the  larger  sizes- 
has  been  introduced,  by  means  of  which  a  charge  of  air  is  compressed  by 
hand  into  the  motor  cylinder,  carrying  with  it  a  sufficient  quantity  of 
oil  vapour  to  explode  by  contact  with  the  electric  spark.  For  marine 
work  the  Priestman  is  also  used  as  a  vertical  two-cylinder,  single-acting 
engine,  the  working  method  being  the  same  as  already  described.  For 
large  power  marine  motors  it  is  made  vertical,  double-acting,  with 
cylinder  closed  at  both  ends,  and  an  explosion  alternately  on  either  fao& 
of  the  motor  piston.  The  valves  are  worked  by  cams  frx>m  a  vertical 
auxiliary  shaft.  These  engines  are  fitted  with  a  reversible  MK>las8on 
blade  propeller. 

Zephyr  Spirit  Iiaunoh. — The  Yarrow  ''Zephyr"  spirit  launch  is 
worked  with  pure,  volatile  petroleum  spirit,  having  a  density  of  0*68, 
and  evaporated  in  the  same  way  as  steam.  Its  evaporative  power,  and 
therefore  its  heating  value,  is  about  12  per  cent,  less  than  ordinary  kero- 
sene, but  it  has  a  higher  pressure  for  a  given  temperature  than  steam,  as- 
shown  by  Professor  Kobinson's  tests.  At  a  temperature  of  155*  F.  it  ha» 
a  pressure  of  10  lbs.  per  square  inch.  At  212*  F.  (the  temperature  of 
boiling  water)  its  pressure  is  40  lbs.  per  square  inch,  while  at  300*  F., 
with  steam  equal  to  50  lbs.  pressure  per  square  inch,  petroleum  spirit  has- 
a  pressure  of  about  115  lbs.  It  is  eerily  evaporated,  and  may  be  cooled 
without  condensing  to  a  temperature  of  130^  F.  Thus  the  range  of  tem- 
perature is  greater,  for  the  same  pressures,  with  petroleum  spirit  than 
with  steam,  and  since  efficiency  depends  theoretically  upon  this  range,, 
more  work  should  be  obtained  under  similar  conditions. 

As  petroleum  spirit  evaporates  at  a  lower  temperature  than  steam, 
less  heat  is  put  into  it  to  raise  it  to  the  same  pressure  ;  in  other  words, 
if  the  same  amount  of  heat  be  applied  to  it  as  to  steam,  a  much  higher 
pressure  and  more  work  are  produced.  But  as  less  heat  is  required  to 
evaporate  it,  less  heat  is  withdrawn  in  the  exhaust ;  the  quantities  of 
heat  both  imparted  and  abstracted  are  smaller  than  with  steam,  for  a 
given  amount  of  work.  At  atmospheric  pressure  nine  times  as  much 
spirit  as  water  will  be  evaporated  by  the  same  amount  of  heat,  but  the 
spirit  being  very  volatile,  it  does  not  increase  as  much  in  volume,  and 
only  expands  to  one-fifth  the  volume  of  steam. 

In  the  ''Zephyr"  launch,  the  spirit  is  introduced  into  a  spiral  coil 
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enclosed  within  a  casing  of  non-conducting  material,  to  which  heat  i» 
applied ;  the  spirit  is  evaporated,  and,  passing  into  the  cylinder,  drives 
the  piston  forward  by  its  pressure.  The  exhaust  products  are  discharged 
into  cooling  pipes,  where  they  are  liquefied  and  forced  back  to  the  supply 
tanky  the  inflammable  spirit  not  being  brought  into  contact  with  the  air. 
Thus  the  same  spirit  is  used  over  and  over  again,  with  very  little  waste, 
and  the  working  principle  and  action  are  similar  to  those  of  a  surface 
condensing  steam  engine.  Ordinary  heavy  petroleum  is  generally  em- 
ployed to  heat  the  spirit.  A  small  air  pump  driven  by  the  engine  forces 
air  into  the  oil  tank,  and  a  mixture  of  oil  vapour  and  air  is  injected  as 
spray  into  the  fire-box  or  furnace  beneath  the  coil,  in  the  same  way  as 
liquid  fuel  under  a  locomotive  boiler.  After  being  completely  vaporised 
by  the  heat  it  is  mixed  with  more  air,  and  bums  with  a  continuous  flame 
like  a  Bunsen  burner. 
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CHAPTER  XX. 
OTHER  ERITISH  OIL  ENGINES. 

Contents.  —  HoniBby  -  Akroyd  —  Latest  Type — TriaU — Trusty— Roots  -  Vosper — 
Crossley-Otto— Griffin— Rocket— Fielding  &  Piatt— Robey-Sanrer  —  IVemier 
— Tangye — Howard— Clarke-Chapman — Clayton  k  Shuttleworth— Campbell — 
Kynoch-Forward- Britanniar—Blackatone  —Globe— Cundall —Ideal— Gardner — 
Nayler — Brown  &  May — Newton — Ruaton— Capel — Dadbridge— Drake— Aem6 
— Fetter. 

The  HomBby- Akroyd  oil  engine  (1892)  was  one  of  the  first  in  which 
the  method  was  introduced  of  firing  the  charge,  known  as  "  spontaneous 
ignition,"  without  either  a  hot  tube  or  electric  spark.  The  oil  is  in- 
jected bj  a  small  pump,  worked  by  a  cam  on  the  side  shaft,  into  the 
hot  Yaporiser  at  the  back  of  the  cylinder,  into  which  heated  air,  com- 
pressed bj  the  back  stroke  of  the  piston,  is  forced  as  it  reaches  the 
inner  dead  point,  and  the  mixture  ignites  spontaneously.  The  internal 
surface  of  the  vaporiser  is  provided  with  radiating  ribs,  to  afford  a 
greater  heating  area.  It  is  maintained  at  a  red  heat  by  the  combustion 
and  explosion  of  the  oil  and  air  at  every  other  stroke.  This  system 
has  been  introduced  into  many  other  engines,  English  and  foreign. 
The  motor  is  of  the  usual  four-cycle  type ;  the  method  of  vaporising 
the  oil  will  be  best  understood  from  Fig.  136. 

Here  B  is  the  compression  space,  into  which  the  piston  does  not 
enter,  and  0  the  combustion  chamber  beyond  it.  The  walls  of  the 
cylinder  and  the  valve  chest  are  cooled  by  a  water  jacket.  The  highly 
heated  charge  is  prevented,  by  the  intermediate  compression  space  B, 
from  coming  in  contact  with  the  cooler  cylinder  walls.  Below  is  the  lamp 
L  of  cast  iron,  with  an  asbestos  wick,  used  to  heat  the  combustion 
•chamber  or  vaporiser  at  starting.  Air  is  admitted  above  it  from  a  fan 
F  worked  by  hand,  and  as  it  enters  it  rapidly  brings  the  oil  to  a  strong 
flame,  which  issues  through  the  hole  at  the  top,  and  in  a  few  minutes 
heats  the  vaporiser  C.  As  soon  as  the  latter  is  red  hot,  the  current 
of  air  is  stopped,  the  lamp  extinguished,  and  the  engine  works  auto- 
matically, after  a  few  turns  of  the  flywheel  by  hand.  The  T-shaped 
air  and  exhaust  valves,  seen  at  c  and  d^  are  worked  by  cams  and  levers 
through  an  auxiliary  shaft,  geared  to  the  crank  shaft  2  to  1,  and  com- 
municate with  the  cylinder  through  the  same  opening,  in  order  that 
the  heat  of  the  exhaust  products  may  warm  the  fresh  air  admitted 
through  valve  d.     Between  the  vaporiser  and  the  admission  chamber 
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is  a   water-jacketed  back  pressure  valve,  to  prevent  the  possibility  of 
premature  ignitiozi. 

As  the  piston  reaches  the  inner  dead  point,  it  forces  the  compressed 


air  into  the  hot  vaporiser  C,  "where  a  small  quantity  of  oil  is  injected 
into  it  through  a  nozzle  by  the  little  oil  pump  O,  the  amount  being 
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regulated  by  adjusting  the  stroke  of  the  oil  plunger.  This  pump 
delivers  the  oil  in  a  liquid  condition,  and  not,  as  in  some  other  oil 
engines,  in  the  form  of  spray.  The  heat  of  chamber  C  and  the  pressure 
of  the  air  charge  immediately  vaporise  it;  the  maximum  pressure  at 
the  inner  dead  point  produces  ignition,  and  the  piston  is  driven  out. 
The  burning  charge  passes  into  the  compression  space  of  the  cylinder 
•through  a  contracted  passage  «.  The  centrifugal  governor  G  acts  on 
the  valve  through  which  the  oil  is  admitted  to  the  vaporiser,  and  closes 
the  narrow  tube  when  the  speed  exceeds  the  normal  limits.  At  the 
same  time  it  opens  a  little  bye-pass  valve,  and  the  oil  is  sent  back  to 
the  tank ;  thus  the  oil  pump  works  continuously,  the  governor  regulating 
only  the  direction  in  which  the  oil  passes.  The  larger  engines,  from 
20  B.H.P.  and  upwards,  are  started  by  means  of  air  compressed  to  a 
pressure  of  60  lbs.  per  square  inch  in  a  separate  reservoir.  The  motor 
is  lubricated  in  the  usual  way. 

Method  of  Vaporising  the  Oil. — ^The  peculiar  feature  of  this 
•engine  is,  that  no  attempt  is  made  to  vaporise  the  oil  or  convert  it 

into  spray,  until  it  is  actually  in- 
jected into  the  combustion  chamber. 
Hence  the  density  of  the  oil  is  a 
point  of  no  importance,  and  heavier 
petroleum  may  be  used  than  in 
most  other  engines.  The  specific 
^TOM.  gravity  of  the  oil  varies  from  0-79 

Fig.  137.-Honuiby.Akroyd  Engine-      ^  ^'^^^  "^^    «^«^   c'^^^l®  o^  ^^7 
Indicator  Diagram.  sometimes  be  utilised.     The  quan- 

tity of  oil  injected  at  a  time  is 
very  small,  only  about  *033  cubic  inch  per  stroke  of  the  oil  pump  in  a 
^  H.P.  engine.  The  proportion  of  air  admitted  is  sufficient  for  complete 
combustion,  and  there  is  said  to  be  no  heavy  residuum.  The  exhaust 
products  are  used  to  warm  the  incoming  air,  the  heat  of  combustion  to 
vaporise  the  oil,  and  raise  the  temperature  of  the  next  charge  to  the 
ignition  point.  Much  of  the  heat  generated  is  thus  utilised.  The  con- 
sumption of  the  engine  is  said  to  be  about  *75  pint  oil  per  B.H.P.  hour, 
^g*  137  gives  an  indicator  diagram  of  a  6*74  H.P.  engine. 

Several  interesting  novelties  have  been  introduced  in  the  latest 
types.  Ohief  among  these  is  the  arrangement  for  varying  the  size  of 
the  compression  space  and  vaporiser,  by  means  of  a  hollow  covering 
plate  at  the  side,  and  a  block  or  projection.  Both  can  either  be  turned 
in  and  project  into  the  compression  space,  or  the  covering  plate  alone 
projects,  the  block  fitting  into  a  recess,  or  both  may  be  turned  outwards 
to  form  a  projection  outside  the  vaporiser.  Thus  three  different  sizes 
of  the  compression  space  and  three  different  degrees  of  compression  can 
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be  obtained,  aooording  to  the  kind  of  oil  used.  The  part  of  the  vapor- 
iser next  the  cylinder  is  surrounded  by  a  water  jacket,  the  outer  part, 
where  the  oil  is  vaporised,  is  only  cooled  by  air.  The  oil  inlet  valve  is 
protected  from  the  heat  of  the  vaporiser  by  a  collar  round  the  neck  of 
the  narrow  opening,  which  checks  the  flow  of  heat  from  the  vaporiser 
to  the  valve.  In  the  latest  engines  the  vaporiser  is  heated  at  starting 
by  a  coil  lamp,  consisting  of  a  cup  containing  a  wick  and  petroleum, 
■and  a  ooil  of  pipes  above  it,  into  which  the  oil  is  forced  by  the  pressure 
of  air  produced  in  the  reservoir  by  a  small  hand  pump.  The  valve  box 
And  part  of  the  vaporiser  are  separately  cooled  with  water,  to  regulate 
the  temperature  in  the  cylinder.  In  the  100  B.H.F.  engine  the  piston 
is  cooled  with  water  supplied  by  a  pump  through  telescoping  tubes,  as 
in  the  Koerting. 

A  trial  of  a  25  B.H.P.  engine  was  made  by  Professor  Robinson  in 
1898,  in  which  Russian  oil  was  used  of  0*82  specific  gravity,  and  19,100 
B.T.XJ.    per  lb.   heating  value.      Heat  efficiency  per  B.H.P.   18  per 
cent.     Flashing  point  90''  F.     Ck>nsumption  of  oil  0*74  lb.  per  B.H.P. 
hour.     Full  details  will  be  found  in  Table  No.  9.     An  earlier  trial  was 
made  in  1893  on  a  5  B.H.P.  engine.     Messrs.  Homsby  construct  engines 
single  cylinder,  single-acting,  horizontal,  stationary,  from  1^  to  50  B.H.P., 
imd  also  in  sizes  of  80,  100,  125,  160,  and  up  to  500  H.P. ;  a  motor  of 
the  latter  size  is  now  in  course  of  construction.     Portable  engines  vary 
from  1^  to  25  H.P.     They  run  at  270  to  170  revolutions  per  minute, 
with  a  piston  speed  of  450  to  700  feet.      The  Homsby  is  specially 
adapted  for  agricultural  or  other  rough  work,  because  no  external  flame 
is  required,  and  as  a  portable  motor  it  is  much  used.     In  this  type  the 
pressure  of  the  exhaust  gases  is  utilised  to  create  a  current  of  air  for 
cooling  the  water.     Many  hundreds  are  now  at  work,  and  the  Grantham 
•are  said  to  be  the  largest  oil  motor  works  in  the  world.     The  engines  are 
built  for  many  special  purposes ;  a  ''  Military  Tractor "  is  one  of  the 
latest  developments.     At  the  Cambridge  Show  in  1894  two  were  ex- 
hibited, and  were  much  commended  for  steadiness  in  running.     The 
results  of  the  trials  will  be  found  in  the  Table  of  Tests. 

TroBty  (1891). — A  different  method  of  vaporising  the  oil  has  been 
adopted  in  the  Trusty  engine,  brought  out  by  the  Trusty  Engine 
Works,  now  made  by  the  Shillingford  Engineering  Co.,  Cheltenham, 
and  resembling  the  gas  engine  of  the  same  name,  with  the  addition  of 
•an  apparatus  for  volatilising  the  oil.  Several  years  ago  an  engine  was  in- 
vented by  Mr.  Knight  of  Farnham,  in  which  the  oil  was  vaporised  in  a 
jacket  round  the  combustion  chamber.  The  patent  of  this  engine  was 
acquired  by  the  makers  of  the  Trusty,  who  have  improved  the  principles 
of  the  early  motor.  In  the  Knight  engine,  ignition  was  obtained  by 
making  a  flame,  produced  by  the  action  of  bellows,  play  at  the  right 
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moment  upon  a  ooil  of  platinum  wire.  In  the  Trusty,  the  charge  was  at 
first  fired  by  directing  an  air  jet  upon  an  oil  flame,  but  this  method  has 
now  been  abandoned  in  favour  of  ordinary  tube  ignition. 

The  engine  is  made  single-acting,  horizontal,  with  one  or  more 
cylinders ;  the  action  is  similar  to  that  described  in  the  Trusty  four-cycle 
gas  engine.     Fig  138  gives  an  end  view,  with  the  method  of  introducing 

the  oil  into  the  vaporiser.  The 
latter,  shown  at  Y,  consists  of  a 
jacket  fitting  round  the  combustion 
chamber  at  the  compression  end  of 
the  cylinder,  and  divided  internally 
into  sections.  The  air  admission 
and  exhaust  valves  S  and  S^  are 
worked  by  levers  L  and  L^  from 
a  shaft  geared  to  the  main  shaft  in 
ii^i^  the  proportion  of  2  to  1  ;   in  the 

I  ^  ^^^  latest  engines  the  valve  box  is  at 
the  side  of  the  cylinder,  and  there 
is  a  small  air  pump.  At  O  O^  are 
the  screws  for  adjusting  the  valves; 
the  exhaust  outlet  is  at  E.  The  oil 
is  drawn  through  the  pipe  p  from 
a  tank  below  the  engine,  and 
pumped  from  the  horizontal  pump 
P  through  the  second  pipe  /t^,  into 
the  column  or  receiver  0  at  the 
top  of  the  engine.  From  here  it 
passes  into  the  jacket  or  vaporiser 
Y  through  a  small  glass  tube  above 
the  cylinder,  through  which  it  is 
admitted  drop  by  drop  into  Y, 
where  it  is  immediately  vaporised, 
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and  passes  through  the  vapour  valve  H  to  the  combustion  chamber. 
The  quantity  sent  to  the  cylinder  is  regulated  by  the  stroke  of  the  oil 
pump,  which  in  a  4  H.P.  engine  is  about  \  inch  diameter.  The 
igniting  tube  I  is  at  the  back  of  the  cylinder  and  evaporating 
chamber,  and  is  maintained  at  a  red  heat  by  a  lamp  J  with  blow 
flame.  It  is  the  heat  of  the  inner  wall,  separating  the  vaporiser 
jacket  from  the  combustion  chamber,  which  vaporises  the  oil,  except 
at  starting,  when  a  lamp  must  be  used  to  heat  it,  and  a  few  drops 
of  oil  pumped  in  by  hand.  The  rod  Q,  actuating  the  oil  pump  P, 
is  worked  at  M  by  a  hit-and-miss  device,  controlled  by  the  inertia 
governor  G.     If  the  speed  is  too  great,  the  projection  on  the  governor 


THE  ROOTS  OIL  ENGINE.  4OI 

cannot  reach  the  notch  on  the  valye-rod  in  time,  a  lever  D  is  inter- 
posed, and  the  oil  pump  does  not  work.  The  lever  also  acts  upon  the 
yalve  H,  admitting  the  oil  to  the  cylinder,  and  the  supply  is  thus  douhly 
checked  by  the  governor. 

As  the  combustion  of  the  charge  takes  place  in  the  compression 
chamber,  the  jacket  round  it  becomes  so  hot  that  the  oil,  as  it  enters,  is 
instantly  turned  into  vapour.  The  out-stroke  of  the  piston  draws  in  a 
charge  of  fresh  air  through  the  valve  B\  and  at  the  same  moment, 
through  valve  H,  the  vaporised  oil  is  admitted  into  the  compression 
chamber  from  the  jacket.  The  oil  vapour  and  air  mingle  in  the 
cylinder,  are  compressed  by  the  return  stroke  of  the  piston,  driven  up 
the  tube,  and  ignited  in  the  ordinary  way ;  explosion  and  expansion  of 
the  charge  follow.  The  parts  and  passages  being  easily  accessible,  the 
occasional  cleaning  required  is 
carried  out  without  difficulty. 
Broxboume  lighthouse  oil,  dis- 
tilled from  Scotch  shale,  with 
flashing  point  160°  F.  and  specific 

gravity  0*81,  is   usually  employed       —  ' — ■     — ^— i^ximo*. 

in  this  engine,  but  a  much  heavier  pjg  139. —Trusty  Oil  Engine- 

oil  with  flashing  point  240°  F.  may  Indicator  Diagram, 

be  used. 

In  a  trial  made  by  Mr.  Beaumont  on  an  engine  giving  6 '00  B.H.P.  and 
7-00  I.H.P.  the  consumption  was  0*82  lb.  oil  per  B.H.P.  and  0*69  lb.  per 
I.H.P.  hour.  The  heat  efficiency,  taking  the  B.H.P.,  was  16  per  cent., 
mechanical  efficiency  86  per  cent.  In  the  4*63  B.H.P.  engine  shown  at 
the  Cambridge  trials,  the  consumption  was  1*19  lbs.  per  B.H.P.  hour. 
Particulars  of  these  and  other  tests  will  be  found  in  the  tables.  Fig. 
139  gives  an  indicator  diagram  of  the  engine.  The  makers'  types  range 
from  1^  to  40  RH.P.  single  cylinder,  or  two  cylinders  side  by  side, 
horizontal ;  the  larger  sizes  are  provided  with  a  self-starter.  Portable 
engines  are  made  from  3^  to  20  B.H.P.  The  Trusty  has  also  been 
adapted  for  propelling  road  carriages,  and  for  oil  launches.  The  speed 
of  the  engine  is  from  300  to  160  revolutions  per  minute. 

Boots. — ^The   original   type  of  this  engine   was  described   in   TJie 

Engineer^  September  30,  1892,  but  the  design  has  since  been  improved. 

It  is  now  used  almost  exclusively  for  propelling  motor  cars,  and  as  the 

Boots-Yosper  launch  for  marine  work.     For  the  latter  class  of  engine  it 

is  made  with  four  cylinders,  set  diagonally  in  pairs,  and  a  vaporiser  to 

each  set  of  cylinders.     A  lamp  heats  the  vaporisers  and  ignition  tubes, 

and  the  products  of  combustion  are  led  through  the  combustion  chamber 

round  the  vaporiser  before  they  are  allowed  to  escape.     The  supply  of 

oil  is  pumped  into  two  small  tanks  with  glass  sides,  above  the  cylinders. 
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The  vaporiser  consists  of  a  cjlindrical  chamber  containing  a  series  of 
spiral  spaces,  through  which  the  air  for  vaporising  the  oil  is  drawn  by 
the  suction  of  the  piston,  and  heated  in  its  passage  to  the  oil  valve. 
The  exhaust  and  the  small  horizontal  oil  pump  are  worked  by  a  cam 
and  lever  from  the  side  shaft.  The  latter  carries  a  reciprocating 
spindle  with  one  or  more  grooves,  which  are  filled  with  oil  each  time 
the  stroke  of  the  pump  sends  the  spindle  into  the  oil  chamber.  Dur^ 
ing  the  return  stroke  it  is  brought  in  contact  with  the  current  of 
heated  air  from  the  vaporiser  jacket,  which  sweeps  off  the  oil  from 
the  grooves,  and  carries  it  on  as  spray  to  the  chamber.  Here  it  is 
completely  vaporised  by  the  heat  and  the  force  of  the  air  blast,  and 
mixed  with  a  further  supply  of  heated  air  as  it  passes  to  the  automatic 
admission  valve. 

A  ball  governor  acts  on  the  spindle  of  the  oil  pump,  and  determines 
the  number  of  grooves  entering  the  oil  chamber  to  be  filled  at  each 
stroke,  and  hence  the  quantity  of  oil  presented  to  the  air  current  and 
evaporated.  To  reduce  the  speed  the  supply  of  oil  can  be  cut  off 
from  one  cylinder.  In  starting  the  engine  three  cylinders  are  thrown 
out  of  gear,  and  an  explosion  produced  in  one  cylinder  only.  The 
propeller  shaft  is  reversed  by  friction  coupling  for  going  astern. 
A  7  B.H.F.  Boots  engine  was  exhibited  at  the  Cambridge  Show, 
in  which  the  oil  consumption  was  1*68  lbs.  per  B.H.P.  hour.  The 
author  tested  an  engine  of  the  same  size,  and  found  the  consumption 
of  oil  1*1  lbs.  per  B.H.P.  hour;  the  heat  efficiency  per  RH.P.  was  12*4 
per  cent. 

Crossley-Otto. — The  Otto  may  truly  be  called  the  prototype  of  all 
modern  gas  engines,  and  to  its  many  advantages  has  been  added  that 
of  working  with  petroleum.  The  oil  motor  introduced  by  Messrs. 
Orossley  does  not  differ  much  from  the  Deutz-Otto,  described  among 
the  German  petroleum  engines.  It  has  a  timing  valve  and  tube  igni- 
tion. The  oil  is  drawn  from  a  tank,  and  delivered  to  the  vaporiser  by 
a  small  pump,  in  quantities  exactly  proportioned  to  the  power  required. 
This  pump,  which  is  worked  by  an  eccentric  on  the  side  shaft,  has  two 
plungers,  which  force  oil  from  the  tank  at  a  pressure  of  25  to  40  lbs.  per 
square  inch.  One  plunger  sends  it  to  the  lamp  heating  the  ignition 
tube  and  vaporiser;  from  the  other  a  certain  quantity  is  delivered  to 
the  measurer,  and  sent  on  to  the  seat  of  the  air  admission  valve ;  the 
overflow  passes  back  to  the  tank.  The  air  enters  through  small  holes 
above  the  chimney,  through  which  the  products  of  combustion  escape. 
The  suction  of  the  piston  draws  it  down  through  baffle  plates,  together 
with  a  measured  charge  of  oil,  into  the  vaporiser,  where  both  are  con- 
verted into  oil  spray,  and  thence  swept  into  the  cylinder.  The  admission 
valve  is  so  arranged  that  air  only  first  enters,  the  further  motion  of  the 
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▼alye  opens  the  little  oil  vaWe,  and  finally  air  alone  is  admitted.  The 
-exhaust  and  the  vapour  valve  are  worked  from  the  side  shaft,  and  the 
governor  acts  on  the  latter  on  the  "hit-and-miss"  principle.  If  the 
speed  is  too  high,  a  small  push  piece  misses  a  projection  on  the  lever 
operating  the  vapour  valve,  and  no  charge  is  admitted. 

As  in  many  other  oil  engines,  the  lamp  is  an  important  feature.  It 
is  fed  with  oil  under  pressure  from  a  small  pump,  charged  by  hand  once 
or  twice  a  day.  In  the  latest  engines  an  **  Etna  "  lamp  is  used,  in  which 
a  small  jet  of  oil  from  the  pump  is  converted  into  oil  vapour,  and  bums 
with  a  clear  blue  flame  on  coming  in  contact  with  the  outer  air.  The 
flame  is  directed  on  to  the  vaporiser  and  ignition  tube,  the  latter  being 
protected  by  a  shield.  In  the  smallest  sizes  the  lamp  is  used  only  at 
starting,  the  heat  of  the  explosions  being  afterwards  sufficient  to  fire 
the  charge.  The  consumption  of  the  engine  exhibited  at  Cambridge, 
which  gave  7*3  B.H.P.,  was  the  lowest  recorded,  0*82  lb.  per  B.H.P. 
hour,  and  it  was  much  commended.  Messrs.  Crossley  make  their  engines 
ihorizontal,  in  sizes  from  I ^  to  50  B.H.P.  for  ordinary  work,  and  from 
3^  to  54  B.H.F.  for  electric  lighting,  ^ith  a  speed  of  from  350  to  200 
revolutions  per  minute.  A  15  B.H.P.  portable  engine  was  the  best 
at  the  OardiflT  Agricultural  Show  in  1901.  The  water  for  cooling 
the  cylinder  was  contained  in  a  tank,  and  circulated  continuously, 
being  broken  up  into  spray  by  a  current  of  air  induced  by  the  exhaust 
^aaes. 

Grifiil  (1892). — This  four-cycle  oil  engine,  brought  out  by  Messrs. 
Griffin,  of  Bath,  must  be  distinguished  from  the  Griffin  gas  engine 
formerly  made  by  Dick,  Kerr  &  Oo.,  of  Kilmarnock.  The  original  type 
was  single  cylinder,  horizontal,  the  admission  and  exhaust  valves  being 
driven  from  a  side  shaft  geared  to  the  crank  shaft  in  the  usual  way. 
This  is  one  of  the  few  engines  in  which  the  oil  is  sprayed  for  the  charge. 
The  vaporiser  is  placed  in  the  engine  bed,  below  and  at  right  angles  to 
the  cylinder.  The  spray  is  formed  by  a  blast  of  air  compressed  in  a 
pump  to  12  lbs.  per  square  inch,  which  opens  the  oil  valve,  sucks  up  the 
oil  as  it  issues,  draws-  it  by  induction  up  a  diagonal  tube,  and  carries  it 
.as  fine  spray  into  the  vaporiser.  Here  the  oil  is  converted  into  vapour 
by  the  heat  of  the  chamber,  which  is  ribbed  internally,  and  surrounded 
by  a  passage  for  the  circulation  of  the  exhaust  gases.  Much  of  the  heat 
of  explosion  must  pass  into  this  chamber.  As  the  oil  vapour  emerges  at 
the  other  side  of  the  engine,  it  is  carried  to  the  cylinder  above,  and 
mixed  in  its  passage  with  more  heated  air,  to  form  an  inflammable 
charge.  It  is  said  to  be  so  highly  explosive  that  it  must  be  mixed  with 
the  exhaust  gases,  to  prevent  premature  ignition.  The  charge  then 
enters  the  cylinder,  and  is  ignited  by  a  tube  uncovered  by  a  timing 
valve,  and  maintained  at  a  red  heat  by  an  oil  spray  Bunsen  flame  in 
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the  following  way : — A  small  quaatity  of  oil  triddes  from  the  tank  to 
a  little  vessel,  is  drawn  upward  by  capillary  attraction,  broken  up  into 
spray  by  a  blast  of  air  from  the  pnmp,  and  carried  forward  into  a  pipe 
kept  at  a  high  temperature  by  the  heat  from  the  burner.  Here  it  ia 
▼aporised,  ignited  at  the  Bansen  bamer,  and  the  flame  plays  continually 
on  the  tube. 

Much  importance  is  attached  by  the  maker  of  this  ingenious  engine 
to  the  treatment  of  the  oil  in  the  cylinder.  If  the  temperature  in  the 
vaporiser  is  too  high  the  oil  will  be  gasified,  "cracking"  takes  place, 
and  tarry  products,  which  are  difficult  to  bum,  are  formed.  Therefore, 
when  the  exhaust  opens,  combustion  is  often  incomplete.  To  avoid 
these  difficulties,  and  to  ensure  the  perfect  vaporisation  of  the  oil  at  a 
relatively  moderate  temperature,  Mr.  Griffin  has  lately  brought  out  & 
<<  Hydro-oil "  engine,  resembling  the  original  type,  but  with  the  addition 
of  a  small  quantity  of  water  to  the  oil  forming  the  working  agent.  A 
charge  in  definite  proportions  of  oil  and  water  is  atomised  and  thoroughly 
mixed  by  a  blast  of  air  which,  at  a  pressure  of  15  lbs.  per  square  inch, 
carries  it  into  the  vaporiser.  Here,  as  in  the  earlier  engine,  it  is  further 
mixed  with  air  previously  heated  by  the  exhaust  gases.  The  same  pump 
supplies  the  oil,  water,  and  air  blast.  The  suction  stroke  of  the  engine 
opens  the  air  valve  to  the  atomiser,  and  the  current  of  air  lifts  the  oil 
and  water  valves,  instantly  converts  the  oil  and  water  into  mist,  and 
sweeps  them  into  the  innermost  of  the  three  concentric  chambers  of 
which  the  vaporiser  consists.  Around  this  space  is  a  jacket  for  the 
exhaust  gases ;  the  outermost  chamber  contains  air  for  forming  the  ex- 
plosive charge.  With  this  system  of  vaporisation  combustion  is  said  to 
be  complete,  and  no  deposit  is  left  in  the  cylinder.  As  the  charge 
contains  a  certain  amount  of  water  gas,  electric  ignition  is  too  uncertain, 
and  tube  ignition  is  used.  The  governor  acts  on  the  "hit-and-miss" 
principle,  by  suppressing  the  admissions,  and  varying  the  number  of 
impulses. 

For  starting  the  smaller  sizes  of  this  engine  the  air  pump  is  worked 
by  hand,  the  oil  spray  thus  formed  is  ignited,  and  in  ten  minutes  the 
vaporiser  is  said  to  be  sufficiently  hot  to  work.  An  8  H.P.  stationary 
Griffin  engine  was  exhibited  at  Cambridge  by  Messrs.  Samuelson,  of 
Banbury.  The  Griffin  Engineering  Company,  Bath,  have  applied  it 
successfully  to  a  launch.  The  motor  is  vertical,  with  two  cylinders 
and  one  crosshead,  giving  one  impulse  per  revolution.  It  is  started  by 
releasing  the  flywheel,  which  is  then  rotad^ed  rapidly  by  a  hand  wheel, 
until  sufficient  impulse  has  been  communicated  to  make  the  engine  draw 
in  a  charge.  The  difficulty  of  reversing  the  motion  of  the  ship  has 
been  overcome  by  having  a  left-handed  and  a  right-handed  screw,  and 
coupling  the  motor  shaft  to  one  or  the  other  as  required.      A  two- 
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cylinder  "Duplex"  Griffin  engine  of  this  type  has  been  fitted  to  a 
barge  72  feet  long;  the  engine  develops  35  H.P.  It  is  made  vertical, 
two-cylinder,  in  sizes  from  6  to  100  H.F.  Drawings  of  the  original  type 
will  be  found  in  Engineering ^  November  4,  1892. 

Booket  (1893). — This  engine,  made  under  Kaselowsky's  patent,  was 
bronght  out  by  Messrs.  R.  Stephenson,  of  Newcastle,  but  is  now  no 
longer  made.  A  trial  was  carried  out  in  1895,  by  Professor  Robinson, 
on  a  7*26  B.H.P.  engine,  in  which  the  consumption  of  American  oil  was 
0*86  lb.  per  B.H.P.  hour,  and  the  speed  200  revolutions  per  minute. 
A  description  is  given  in  The  Engineer^  May  5,  1893. 

Fielding  (1894). — The  oil  engine  brought  out  by  Messrs.  Fielding  k 
Piatt,  of  Gloucester,  is  similar  to  their  gas  motor,  with  the  addition  of  a 
vaporiser.  The  method  of  vaporising  the  oil  is  ingenious.  The  com- 
bined vaporiser  and  igniter  are  contained  in  a  chamber  forming  a 
prolongation  of  the  cylinder,  and  consist  of  two  horizontal  tubes,  one 
above  the  other,  connected  by  the  vapour  valve,  and  two  copper  tubes 
above  it,  for  heating  the  air.  Both  are  heated  by  a  blast  oil  lamp,  the 
lower  tube,  in  which  the  charge  is  ignited,  being  brought  to  a  cherry-red, 
and  the  upper  to  a  dull-red  heat.  A  jet  of  oil  is  sent  by  a  little  pump 
with  adjustable  stroke  into  the  upper  tube,  together  with  a  small  current 
of  air  previously  heated  by  the  lamp.  The  two  pass  through  a  valve  into 
the  lower  igniting  tube,  ihe  heat  of  which  ensures  complete  vaporisation, 
and  thence  to  the  cylinder,  where,  to  render  the  charge  explosive,  they 
are  mixed  with  more  air  entering  through  an  automatic  valve.  The  next 
.compression  stroke  drives  them  back  into  the  lower  ignition  tube,  which 
is  open  to  the  cylinder  without  a  timing  valve ;  the  charge  is  fired  and 
the  cycle  completed.  The  lamp  is  fed  from  a  small  separate  reservoir, 
the  pressure  in  which  is  maintained,  and  the  oil  raised  for  the  lamp,  by 
means  of  a  hand  pump  at  starting.  As  soon  as  the  engine  is  at  work,  the 
piston  during  the  exhaust  stroke  uncovers  a  small  port  opening  to  the 
oil  receiver,  and  the  pressure  of  the  exhaust  gases  is  utilised  to  force  a 
small  portion  of  the  oil  into  the  tube  leading  to  the  lamp,  which  is  thus 
fed  automatically.  The  admission  and  exhaust  valves  and  oil  pump  are 
driven  by  cams  from  the  side  shaft,  and  acted  on  by  the  ball  governor. 
If  the  normal  speed  is  exceeded,  the  exhaust  is  held  open,  the  supply  of 
oil  cut  off,  and  the  automatic  air  admission  valve  is  closed  by  the  fall  in 
pressure.  Thus  there  are  no  explosions,  and  all  the  valves  are  thrown 
oat  of  gear.  The  makers  consider  that  ignition  is  more  certain  if  the 
vaporiser  is  heated  by  a  lamp,  than  if  the  internal  heat  of  the  engine 
alone  be  relied  on  to  raise  the  temperature,  but  for  small  powers  the  lamp 
can  be  dispensed  with.  The  engine  is  made  in  sizes  from  1^  B.H.P. 
4ipwards,  horizontal,  both  portable  and  stationary,  and  runs  at  350  to 
190  revolutions  per  minute.     The  consumption  is  said  to  be  a  little  less 
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than  1  lb.  oil  per  H.P.  hour.     An  8  B.H.P.  motor  was  exhibited  at  the 
Cambridge  Oil  Engine  Trials. 

An  interesting  development  is  a  70  H.P.  Fielding  oil  engine,  lately 
built  for  the  General  Electric  Co.,  to  supply  electric  light  in  the  palace 
of  the  Emperor  of  Korea.  There  are  two  cylinders  opposite  each  other 
working  on  to  separate  crank  pins,  with  a  piston  speed  of  800  feet  per 
minute.  All  the  parts  are  in  duplicate,  each  cylinder  having  its  own 
valve  gear,  governor,  and  side  shaft.  The  '*  hit-and-miss  "  governor  acts 
as  already  described.  The  two  oil  pumps  draw  from  suction  vessels,  in 
which  the  oil  is  at  a  constant  level,  and  deliver  it  under  slight  pressure 
to  the  vaporiser.  The  engine  is  started  by  compressed  air  supplied  to 
one  cylinder  till  the  other  begins  to  work.  The  dynamo  is  driven  by  a 
belt  from  the  flywheel,  but  can  be  directly  coupled,  if  desired. 

Bobey-Saurer  (1894-1904). — The  Bobey  oil  engine  was  shown  at 
Cambridge  in  1894,  and  at  Darlington  in  1895.  It  is  similar  to  the 
four-cycle  gas  engine  of  the  same  makers,  with  the  addition  of  a  vaporiser,^ 
and  embodies  some  of  the  latest  improvements  in  oil  engines,  which  all 
tend  in  the  direction  of  greater  simplicity.  There  is  no  side  shaft ;  the 
levers  working  the  valves  are  above  the  cylinder,  and  all  the  parts  are 
easily  accessible.  Heavy  petroleum  is  generally  used  in  this  engine, 
with  a  flashing  point  of  240^  F.  It  is  drawn  from  a  tank  in  the  base  by 
a  small  oil  pump  worked  by  an  eccentric,  pumped  into  an  accumulator,- 
and  thence  to  a  trip  box.  The  governor  on  the  crank  shaft  actuates  the 
lever  and  spindle  of  the  trip  box,  and  sends  on  a  small  quantity  of  oil 
drop  by  drop,  as  required,  to  the  vaporiser.  In  order  that  there  may 
always  be  a  sufficient  supply  of  oil  to  the  cylinder,  the  pump  delivers 
more  to  the  accumulator  per  stroke  than  is  drawn  from  the  trip  box,  the 
excess  being  sent  back  to  the  reservoir ;  thus  a  steady  pressure  is  main- 
tained by  the  accumulator  in  the  oil  valve  or  trip  box.  The  combined 
vaporiser  and  igniter  are  placed  in  the  centre  of  the  combustion  chamber, 
at  the  back  of  the  cylinder.  Behind  them  is  the  exhaust  valve,  the  air 
admission  is  immediately  below  the  vaporiser,  and  both  valves  are  worked 
by  cams  and  levers  from  a  half-speed  shaft  above  the  crank  shaft.  The 
products  of  combustion  pass  through  the  vaporiser  before  they  are  dis- 
charged, and  combine  with  the  heat  of  the  explosions  to  keep  it  at  a  high 
temperature.  When  the  oil  is  delivered  to  the  vaporiser  the  air  valve  is 
lifted,  a  supply  of  air  heated  by  passing  through  the  base  of  the  engine 
enters,  and  mixes  with  the  vaporised  oil  to  form  the  charge.  The  next 
compression  stroke  drives  them  back  into  the  vaporiser,  which  communi- 
cates with  the  cylinder  through  a  narrow  opening.  The  charge  is  fired, 
and  explosion  takes  place  not  only  within  the  vaporiser,  but  outside  in 
the  combustion  chamber.  The  return  stroke  drives  out  the  products  of 
combustion  through  the  chamber,  thus  sweeping  it  clean,  and  keeping  it 
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free  from  tarry  deposit.  The  exhaust  valve  and  explosion  chamber  are 
water  jacketed,  as  well  as  the  cylinder,  but  have  a  separate  drain  pipe. 
The  vaporiser  and  ignition  tube  are  both  kept  hot  by  a  simple  automatic 
lamp,  which  when  once  started  requires  no  further  attention.  The 
makers  prefer  this  method  to  the  system  of  heating  the  vaporiser  by  the 
heat  of  the  explosions  only,  and  they  claim  that  the  engine  works  equally 
well  at  almost  any  load.  The  ball  governor  acts  through  a  hit-and-miss 
arrangement  on  the  oil  pump,  and  throws  it  out  of  gear  if  the  normal 
speed  is  exceeded.  The  engine  is  made  horizontal,  single  cylinder, 
stationary,  in  sizes  from  1^  to  50  B.H.P.,  portable  from  7  to  14  B.H.P., 
and  runs  at  450  to  180  revolutions  per  minute.  The  larger  sizes  are 
started  by  compressed  air ;  piston  speed  450  feet  per  minute.  The  con- 
sumption of  oil  is  about  }  lb.  per  B.H.P.  hour.  One  of  these  engines  has 
been  used  to  propel  barges. 

Premier  (1894). — In  this  engine,  made  by  Messrs.  Wells,  of  Sandi- 
acre,  all  the  valves,  as  well  as  the  governor  and  oil  pump,  are  driven  by 
one  cam  from  the  side  shaft,  which  actuates  a  vertical  rocking  lever,  held 
in  position  by  a  strong  spring.     The  lever  opens  the  exhaust  and  admia- 
sion  valves,  while  a  link  from  it  works  the  oil  pump.     The  top  of  the 
lever  terminates  in  a  knife  edge,  and  the  governor  consists  of  a  simple 
horizontal  bar  above  it,  balanced  on  a  pivot  in  the  centre,  with  a  notch 
at  one  end,  and  weighted  at  the  other,  furthest  from  the  lever.      At 
ordinary  speeds  the  spring  keeps  the  lever  in  position,  the  exhaust  is 
closed,  and  the  admission  valve  opened,  at  the  right  moment,  and  the 
knife  edge  is  clear  of  the  notch.     If  the  number  of  revolutions  is  in- 
creased, the  horizontal  bar  does  not  rise  in  time,  the  notch  is  caught,  the 
movement  of  the  lever  arrested,  and  consequently  all  the  valves  are 
thrown  out  of  gear.     The  exhaust  remains  open,  and  no  charge  enters 
the  cylinder,  or  is  sent  to  the  oil  valve.     The  vaporiser  is  a  separate 
chamber  at  the  back  of  the  cylinder,  heated,  as  well  as  the  ignition  tube, 
by  a  lamp ;  the  latter  is  fed  by  a  blast  of  air  from  a  pump,  worked  by  an 
eccentric  from  the  side  shaft.     The  oil  runs  from  a  receiver  above  into 
the  oil  valve  box.     Here  a  fixed  quantity  is  measured  into  a  small  cavity 
in  the  plug  of  the  rotary  oil  pump,  which  is  driven  by  the  link  off  the 
rocking  lever.     As  the  plug  turns,  the  oil  is  discharged  on  to  a  hot 
slanting  iron  plate,  and  is  vaporised  as  it  runs  down.     A  small  quantity 
of  air  from  the  pump  sweeps  over  the  inclined  plate,  and  carries  off  the 
oil  with  it ;  the  two  enter  the  combustion  chamber  in  a  tangential  direc- 
tion.    The  opening  of  the  admission  valve  induces  another  current  of  air 
through  the  vaporiser,  which  sucks  the  oil  vapour  into  the  cylinder. 
Thus,  in  accordance  with  the   latest  views,  the  oil  is  not  sprayed  or 
broken   up,   but   dropped   in   a   liquid   condition    into   the   vaporiser. 
Heavy   oil,    Russian  or  American,  can   be   used,  and   as  the  oil   is 
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Taporised  in  minute  quantities  as  required,  its  density  is  a  point  of 
no  importance. 

Thia  oil  engine  is  made  single  cylinder,  horizontal,  in  sizes  from  2  to 
16  B.H.F.,  and  runs  at  260  to  200  revolutions  per  minute.  A  6^  B.H.F. 
motor  was  exhibited  at  Oambridge,  and  was  commended  for  the  simplicity 
of  the  vorking  parts.  A  test  of  the  engine  was  made  by  Professor 
Bobinson  in  169fi. 

T&ngye. — It  would  be  difficult  to  design  a  simpler  oil  engine  than 
the  Tangye,  introdnced  in   1896.      There  is  no  pump,  fan,  or  storage 


Fig.  140— Tangye  Oil  Engine, 
of  oil  or  air  under  pressure,  and  only  two  valves  for  admission  and 
exhaust.  The  inlet  valve  is  automatic,  the  exhaust  is  worked  by  cams 
from  the  side  shaft.  A  peculiar  feature  is  that  the  oil  is  not  perfectly 
vaporised  when  it  enters  the  cylinder,  bat  only  becomes  so  when  driven 
back  during  the  compression  stroke  into  tlie  hot  vaporiser  and  combustion 
chamber.  Any  ordinary  oil  can  be  used.  From  a  small  tank  above,  con- 
taining sufficient  for  a  day's  supply,  the  oil  runs  by  gravity  to  the  admis- 
sion valve,  the  quantity  per  stroke  being  adjusted  automatically.  The 
suction  of  the  piston  draws  it,  together  with  a  current  of  air  at  high  pres- 
sure, through  the  admission  valve  to  the  vaporiser,  which  is  placed  between 
the  cylinder  and  the  hot  ignition  tube.  At  starting  the  vaporiser  is 
heated  by  a  small  wickless  oil  lamp,  but  as  soon  as  the  engine  is  at  work 
the  lamp  is  shifted  beneath  the  ignition  tube,  and  the  proximity  of  the 


THE  HOWARD  OIL  ENGINE.  4O9 

tube,  and  of  the  cylinder,  to  which  the  vaporiser  is  always  open,  is 
sufficient  to  keep  it  at  a  high  temperature.  The  oil,  already  partly  mixed 
and  vaporised,  is  carried  forward  with  the  air  into  the  cylinder,  the  next 
stroke  sends  the  charge  back  through  the  vaporiser,  where  it  is  finally 
converted  into  vapour,  to  the  ignition  tube,  communication  with  which 
is. opened  by  a  timing  valve,  worked  from  the  side  shaft,  and  the  cycle  is 
then  completed.  The  centrifugal  governor  acts  by  holding  the  exhaust 
open  and  the  admission  valve  closed,  thus  checking  the  supply  of  both 
oil  and  air  to  the  cylinder.  The  temperature  in  the  latter  is  regulated  by 
-opening  or  closing  the  air  jacket  round  the  vaporiser,  and  also  the  chimney 
over  the  ignition  tube.  The  engine  is  'made  horizontal,  single  cylinder, 
in  sizes  from  2^  to  45  B.H.P.,  and  runs  at  180  to  320  revolutions  per 
minute.  The  consumption  is  about  0*8  lb.  oil  per  B.H.P.  hour.  Fig.  140 
gives  a  general  view.  Messrs.  Tangye  also  make  engines  to  work  with 
benzine,  alcohol,  and  petrol,  and  a  vertical  marine  type  has  lately  been 
brought  out. 

Howard. — An  oil  engine  of  the  ordinary  Otto  cycle  type,  especially 
intended  for  agricultural  purposes,  was  brought  out  in  1895  by  Messrs. 
Howard,  Brothers,  of  Bedford.  The  oil  is  drawn  from  a  tank  in  the  base 
of  the  engine,  and  delivered  to  the  vaporiser  through  a  nozzle  by  a  small 
oil  pump,  worked  by  a  cam  and  lever  from  the  side  shaft.  A  small 
■current  of  air  is  drawn  in  at  the  same  time,  sufficient  to  break  up  and 
spray  the  oil,  but  not  to  render  it  inflammable.  The  vaporiser  at  the  end 
of  the  water-jacketed  combustion  chamber  is  in  three  divisions,  the  centre 
being  the  hottest,  and  is  heated  by  a  lamp,  which  also  serves  to  maintain 
the  ignition  tube  at  a  red  heat.  The  oil  for  this  lamp  is  fed  from  a  sepa- 
rate receiver,  into  which  it  is  forced  by  a  pump,  of  which  there  are  two, 
supplying  oil  both  to  the  vaporiser  and  to  the  lamp.  The  surplus  'is 
returned  to  the  tank.  The  already  vaporised  oil  passes  to  the  admission 
valve,  and  thence  to  the  combustion  or  mixing  chamber,  where  it  is 
diluted  with  the  main  supply  of  air,  drawn  in  through  an  automatic 
valve  at  the  side  of  the  engine,  and  the  two  are  swept  into  the  cylinder, 
compressed  and  ignited  in  the  usual  way.  Communication  between  the 
vaporiser  and  combustion  chamber  is  shut  off  by  the  admission,  or  as  it 
is  sometimes  called  the  vapour  valve,  except  during  the  injection  of  oil. 
There  is  no  timing  valve  to  the  tube  except  in  large  power  engines,  the 
moment  of  ignition  being  determined  by  the  length  of  the  tube.  The 
two  valves  regulating  the  supply  of  oil  to  the  vaporiser,  and  the  admis- 
sion of  the  charge  to  the  cylinder,  are  both  controlled  by  the  ball 
governor,  on  the  hit-and-miss  principle.  The  heat  of  the  lamp  vaporises 
the  oil  supplying  it.  Compression  of  the  charge  is  from  35  to  45  lbs.  per 
square  inch ;  the  mean  indicated  pressure  in  an  8  H.P.  engine  was  from 
78  to  90  lbs.  per  square  inch.     The  Howard  engine  is  made  stationary 
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in  sizes  from  2^  to  16  B.H.P.,  and  portable  from  4  to  16  B.H.P.,  and 
runs  at  a  speed  of  300  to  200  revolutions  per  minnte.  In  tiie  portable 
engines  the  oircalating  water  is  cooled  by  a  special  arrangement  of  the 
water  tank. 

Clarke,  Chapman  A  Co. — The  oil  engine  formerly  made  by  this 
firm  on  Butler's  patents  was  similar  in  design  to  their  gas  engine,  with 
the  addition  of  a  vaporiser.  It  had  a  circular  balanced  rotary  valve 
driven  from  a  valve  shaffc,  and  revolving  at  one-quarter  the  speed  of 
the  engine.  The  vaporiser  was  a  chamber  having  two  concentric  spaces, 
one  within  the  other,  the  exhaust  gases  from  the  engine  being  carried 
into  the  hollow  central  space,  and  thence  discharged.  The  heat  thus 
obtained  was  sufficient  to  vaporise  the  oil,  which  was  further  broken  up 
by  hot  air  drawn  in  by  the  action  of  the  engine.  A  second  supply  of 
air,  sucked  in  automatically  through  a  nozzle  by  the  piston,  was  mixed 
with  the  oil  vapour  on  its  way  to  the  cylinder,  and  the  inflammable 
charge  was  then  treated  in  the  same  way  as  in  the  Clarke-Chapman  gas 
engine.  The  speed  was  regulated  by  a  throttle  valve  on  the  supply 
pipe,  acted  on  by  the  governor.  The  charge  was  fired  by  electricity. 
In  a  test  made  at  the  works  at  Gateshead  on  an  engine  developing 
11^  B.H.P.,  the  charge  was  compressed  to  45  lbs.,  and  the  maximum 
pressure  of  explosion  was  165  lbs.  per  square  inch.  A  6  B.H.P.  station- 
ary, and  a  12  B.H.P.  portable  engine  were  exhibited  at  Cambridge,  and 
were  the  only  motors  using  electric  ignition.  The  consumption  in  the 
portable  engine  was  1*25  lbs.  oil  per  RH.P.  hour.  A  14  B.H.P.  port- 
able engine  was  exhibited  at  the  Darlington  Agricultural  Show  in  1895. 
Some  of  the  later  engines  were  made  to  run  interchangeably  with  oil  or 
gas,  but  their  manufacture  has  now  (1904)  been  given  up. 

Clayton  A;  Shuttleworth. — It  is  claimed  for  the  engine  made  by 
this  firm  under  Knight  and  Weyman's  patents  that  it  will  work  with 
any  oil,  however  heavy,  and  even  with  Broxboume  shale  oil  of  240*  F. 
flashing  point.  The  motor  is  of  tlie  ordinary  four-cycle  single-cylinder 
type,  with  mushroom  valves  worked  from  a  side  shaft  in  the  usual  way. 
The  oil  is  drawn  from  a  tank,  and  sent  to  the  vaporiser  through  a  glass 
sight  feed  tube  by  a  small  oil  pump.  The  vaporiser  is  simply  an  ex- 
tension in  the  shape  of  a  jacket  at  the  back  of  the  cylinder,  and  is  said 
to  vaporise  the  oil  thoroughly,  without  deposit,  and  without  requiring 
an  air  blast  to  break  it  up.  It  is  fitted  with  a  vapour  or  admission 
valve,  through  which  the  oil  vapour  passes  to  the  cylinder,  where  it  is 
mixed  with  air  drawn  in  through  a  separate  valve  driven  by  a  cam  on 
the  valve  shaft.  The  patent  igniter  consists  of  a  very  small  cast-iron 
tube  containing  a  steel  needle  surrounded  with  asbestos,  which  is  placed 
horizontally  inside  the  vaporiser  and  combustion  chamber,  and  open  to 
the  cylinder.     After  the  first  few  strokes  the  heat  of  the  explosions  is 
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Baffident  to  maintain  this  inner  tabe  at  a  red  heat,  and  it  fires  the 
charge  at  the  end  of  the  oompression  stroke.  Beneath  the  vaporiser  is 
an  ordinary  ignition  tabe,  which  at  starting  is  brought  to  a  red  heat 
by  means  of  a  lamp  below  it.  The  latter  is  in  the  form  of  a  tray,  on 
which  seyeral  burners  are  placed,  and  connected  to  a  petroleum  reservoir* 
As  soon  as  the  engine  is  at  work  the  lamp  is  extinguished,  the  hot  tube 
shut  off,  and  the  charge  then  fired  automatically  by  the  igniter.  In 
this  engine,  as  in  the  Homsby,  the  compression  space  can  be  varied  in 
size,  to  suit  different  kinds  of  oil.  Russian  petroleum  requires  more 
compression  than  American,  and  this  is  obtained  by  screwing  plates  on 
to  the  end  of  the  piston,  of  thicknesses  varying  from  ^  to  1  inch.  The 
pendulum  governor  acts  both  upon  the  oil  pump  and  the  vapour  valve, 
and  the  quantity  of  oil  admitted  to  the  cylinder  is  regulated  according 
to  the  load.  Larger  sizes  of  the  engine  are  started  by  a  self-starter,  a 
reservoir  into  which  part  of  the  explosive  charge  is  previously  com- 
pressed, and  admitted  to  the  cylinder  through  a  special  starting  valve. 
Trials  were  made  on  a  6  B.H.P.  motor  in  1893,  and  showed  a  con- 
sumption per  B.H.P.  hour  of  0*82  lb.  of  oil  of  0-80  density,  and  19,500 
T.U.  heating  value.  The  mechanical  efficiency  was  85  per  cent.,  and 
heat  efficiency  16  per  cent.,  a  good  result  for  so  small  an  engine.  The 
low  consumption  showed  that  the  oil  was  more  or  less  completely 
vaporised.  Similar  results  were  obtained  in  a  later  trial  The  engine 
is  made  horizontal,  single  cylinder,  in  sizes  from  1^  to  24  B.H.P.,  with 
a  speed  of  260  to  200  revolutions  per  minute,  and  a  piston  speed  of 
about  700  feet  per  minute. 

Campbell. — ^This  is  a  four-cycle  oil  engine  of  the  Otto  type,  re- 
sembling the  gas  engine  by  the  same  makers,  with  the  addition  of  a 
vaporiser.  Like  most  of  the  latest  English  petroleum  motors  it  is  very 
simple  in  construction,  having  no  pump ;  there  are  only  two  mushroom 
valves,  inlet  and  exhaust.  The  oil  fiows  by  gravity  from  a  tank  above 
to  a  small  supply  pipe,  terminating  in  two  fine  holes  round  the  automatic 
admission  valve  above  the  vaporiser.  The  suction  of  the  piston  during 
the  out-stroke  draws  down  this  valve,  a  current  of  air  enters  from 
above,  and  a  minute  quantity  of  oil  through  the  holes  at  right  angles 
to  it.  The  oil  is  broken  up  by  the  inrush  of  air,  and  sprayed  by  being 
projected  against  the  sides  of  the  valve  chamber.  The  two  then  pass 
to  the  vaporiser  below,  which,  with  the  ignition  tube,  is  contained  in  a 
chamber  at  the  side  of  the  cylinder,  and  kept  at  a  red  heat  by  the  flame 
of  a  lamp.  The  exhaust,  worked  by  an  eccentric  on  the  crank  shaft,  is 
at  the  back  of  the  engine.  The  oil  already  sprayed  is  vaporised  by  the 
heat  of  the  chamber,  and  the  charge  passes  to  the  cylinder ;  the  next 
compression  stroke  drives  it  into  the  ignition  tube,  where  it  is  fired  in 
the  usual  way.     When  the  engine  is  worked  at  full  load  the  lamp  can» 
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after  a  short  time,  be  dispensed  with,  the  vaporiser  being  hot  enough 
to  vaporise  the  oil,  and  fire  the  charge.  The  ball  governor  on  the  side 
shaft  acts  on  the  "  hit-and-miss  "  principle  on  the  exhaust,  and  holds  it 
open  if  the  normal  speed  is  exceeded.  As  there  is  no  vacuum  in  the 
cylinder,  the  automatic  admission  valve  does  not  rise,  and  no  air  or  oil 
can  enter.  A  4  B.H.P.  motor  was  exhibited  at  the  Oambridge  trials, 
and  consumed  1*12  lbs.  oil  per  B.H.P.  hour.  The  engine  is  made  hori- 
zontal, single  cylinder,  in  sizes  from  1  to  45  B.H.P.  for  fixed,  and  3^  to 
17  B.H.P.  for  portable  engines,  and  vertical  from  1  to  4  B.H.P.,  and 
runs  at  270  to  150  revolutions  per  minute.  A  vertical  two-cylinder 
type  is  also  made  for  boats,  from  2|  to  15  B.H.P. 

In  the  portable  engines  the  cooling  water  is  forced,  as  it  leaves  the 
cylinder  jacket,  into  a  vessel,  where  it  is  sprayed  on  to  a  series  of  plates. 
The  exhaust  gases  are  utilised  to  create  a  current  of  air  through  the 
cooler,  in  the  reverse  direction  to  the  fiilling  water.  The  engine  has 
also  been  used  for  mining  work,  and  a  searchlight  plant  has  lately  been 
supplied  to  the  War  Office,  in  which  the  same  method  of  water  cooling 
is  employed.  The  temperature  of  the  water  on  leaving  the  jacket  is 
180°  F.,  which  is  reduced  in  the  cooler  to  85*  F.,  and  48  gallons  of 
water  are  sufficient  to  work  a  10^  B.H.P.  engine  for  ten  hours.  An 
interesting  account  of  a  10  H.P.  Campbell  oil  engine,  used  on  a  sugar 
estate  in  the  Colonies  for  towing  barges,  will  be  found  in  The  Engineer^ 
April  19,  1901.  Steam  propulsion  was  impossible,  because  of  the  soft 
mud  forming  the  banks  of  a  narrow  canal,  along  which  the  barges  had 
to  be  conveyed.  A  stationary  Campbell  engine  was,  therefore,  mounted 
on  a  punt,  and  a  rope  taken  forward  along  the  bank  by  men  for  half  a 
mile.  It  was  then  made  fast,  the  engine  started,  and  the  punt  was  drawn 
along  by  hauling  in  the  rope,  while  paying  out  another  rope  attached  to 
the  barges.  The  end  of  the  rope  being  reached,  the  punt  was  moored, 
and  the  engine  drew  the  barges  along  by  driving  a  drum  on  the  punt, 
over  which  the  hauling  rope  was  coiled. 

In  a  careful  trial  made  by  Professor  Stanfield  in  1900  on  a  14  B.H.P. 
Campbell  oil  engine,  particulars  of  which  will  be  found  in  the  Tables,  the 
consumption  of  oil  per  B.H.P.  hour  was  0*84  lb.,  and  the  thermal  efficiency 
16*2  per  cent. 

A  full  description  of  an  engine  made  by  the  Blaxton  Engineering 
Co.  will  be  found  in  Engineering^  June  29,  1900.  It  was  shown  at  the 
Paris  Exhibition,  but  does  not  appear  to  have  retained  its  place  in  the 
market. 

Kynoch-Forward. — In  this  engine,  brought  out  in  1903,  an  in- 
genious attempt  has  been  made  to  overcome  the  difficulty  of  pre-ignition, 
due  to  the  high  compression  of  the  charge.  If  it  is  fired  by  electricity, 
this  danger  is  minimised,  but  in  oil  engines,  in  which  tube  ignition  is 
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mostly  used,  the  inflammable  oil  vapour  generated  causes  much  trouble, 
especially  if,  to  simplify  construction,  a  timing  valve  is  omitted.  In  the 
Kynoch'Forward  engine,  the  difficulty  of  pre-ignition  is  said  to  be  obviated, 
although  there  is  no  timing  valve.  The  oil  is  drawn  from  a  reservoir  by 
the  slight  vacuum  formed  behind  the  piston,  and  passes  into  the  vaporiser 
with  a  small  quantity  of  air,  not  sufficient  to  ignite  the  charge.  The 
ignition  tube  and  an  air  valve,  to  admit  the  main  supply  of  air,  are  placed 
between  the  vaporiser  and  the  cylinder.  During  the  return  (compres- 
sion) stroke  the  latter  valve  rises,  a  rush  of  cold  air  mingles  with  the 
compressed  charge  and  forces  it  over  the  ignition  tube,  and  into  the 
vaporiser.  The  makers  claim  that  the  slight  fall  in  temperature  thus 
obtained  is  sufficient  to  prevent  premature  ignition.  Between  the^ 
vaporiser  and  the  ignition  tube  is  the  vapour  valve,  on  which  the 
governor  acts  on  the  "  hit-and-miss  "  principle,  and  no  charge  enters  th& 
cylinder  if  the  normal  speed  is  exceeded.  The  ignition  tube  is  heated  by 
a  lamp  at  starting,  afterwards  only  by  the  heat  of  explosion.  In  a  test 
made  on  a  7  B.H.P.  engine  by  Mr.  Lea,  the  consumption  per  B.H.P. 
hour  was  0*67  lb.  of  oil,  having  a  net  heating  value  of  19,740  B.T.XJ.  per  lb. 
Particulars  will  be  found  in  the  Tables.  The  engine  is  made  in  sizes 
from  2  to  35  B.H.P.,  and  runs  at  280  to  170  revolutions  per  minute,  with 
a  piston  speed  of  700  feet  per  minute. 

Britannia. — A  motor  of  their  own  design  was  brought  out  by  the 
Britannia  Co.  of  Colchester,  and  exhibited  at  Darlington  in  1895.  A 
drawing  will  be  found  in  Engineeringy  Feb.  21,  1896.  A  new  and 
well-designed  type,  on  Nicholson's  patent,  has  now  been  introduced.  In 
this  later  engine  the  oil  is  contained  in  the  base,  from  which  it  is  drawn 
by  the  suction  of  the  piston,  as  soon  as  the  vapour  valve  admitting  the- 
charge  to  the  cylinder  has  been  opened  by  a  cam  on  the  side  shaft.  Air 
is  admitted  partly  through  the  main  air  valve,  partly  through  a  small  pipe 
communicating  with  the  vaporiser,  a  ribbed  chamber  at  the  back  of  the 
cylinder.  The  oil  is  forced,  through  a  tube  fitted  with  a  sleeve  pierced 
by  holes,  into  the  vaporiser,  in  which  baffles  are  fixed,  to  break  it  up  in 
its  passage.  The  amount  admitted  is  regulated  by  a  throttle  valve  in  the 
air  pipe,  which  determines  the  vacuum  in  the  cylinder,  and  hence  the 
quantity  of  oil  drawn  in  per  stroke.  The  charge  is  fired  by  a  small 
hollow  plug  or  igniter,  ribbed  internally  and  placed  at  the  side  of  the 
vaporiser ;  it  is  heated  by  a  lamp  at  starting,  and  afterwards  maintained 
at  a  red  heat  by  the  heat  of  explosion.  The  out  suction  stroke  draws 
part  of  the  oil  and  air  from  the  vaporiser  through  the  plug,  but  the 
charge  does  not  ignite  till  it  is  diluted  with  more  air  from  the  main  air 
valve,  and  highly  compressed  by  the  return  stroke.  The  hit-and-misa 
governor  acts  on  the  vapour  valve,  and  wholly  closes  it  if  the  load  is 
increased.     The  automatic  valves  are  not  opened,  and  as  no  fresh  charge 
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enters  to  cool  the  yaporiser  and  igniter,  they  retain  enough  heat  to  fire 
And  vaporise  the  charge  as  before.  Ignition  is  said  to  be  certain  because 
the  igniter  is  always  filled  with  rich  gas,  the  composition  of  which  does 
not  vary,  and  it  is  here  that  the  strongest  explosion  takes  place.  An 
ordinary  plumber's  lamp  is  used  to  heat  the  engine  at  starting,  after 
which  its  action  is  practically  automatia  Care  is  taken  not  to  allow  the 
vaporiser  to  attain  such  a  temperature  as  would  "  crack  "  the  oil.  The 
engine  is  made  horizontal  only,  in  sizes  from  1^  to  50  B.H.P.,  and  runs  at 
320  to  1 60  revolutions  per  minute. 

The  Midland,  formerly  made  by  the  firm  of  Taylor  A  Sons,  whose 
business  has  been  taken  over  by  the  Railway  and  General  Engineering 
Oo.,  Nottingham,  is  now  no  longer  constructed.  A  description  will  be 
found  in  the  Third  Edition,  p.  353. 

The  Blackstone  is  an  oil  motor  of  the  ordinary  Otto  type,  made  by 
the  Blackstone  Company,  Stamford,  who  have  acquired  Carter's  patents. 
The  vaporiser  consists  of  three  annular  concentric  passages,  the  outer 
forming  a  jacket  through  which  air  for  the  charge  is  drawn  and  heated ; 
the  middle  is  the  vaporiser  proper,  while  the  innermost  central  passage 
contains  asbestos,  and  acts  as  an  automatic  igniter.  Oil  is  injected  into 
the  vaporiser  from  a  reservoir  in  the  base  of  the  engine  by  a  pump, 
the  action  of  which  is  controlled  by  the  governor.  Air  is  at  the  same 
time  drawn  through  the  outer  jacket  into  the  vaporiser,  where  it  meets 
and  breaks  up  the  oil,  and  the  charge  passes  to  the  vapour  or  admission 
valve,  and  thence  to  the  cylinder.  The  vapour  valve,  oil  pump,  and 
exhaust  are  all  worked  by  cams  from  the  side  shaft.  The  speed  of  the 
engine  is  regulated  by  the  centrifugal  governor  on  this  shafts  which,  by 
means  of  a  cam  and  a  catch,  acts  on  the  oil  pump  to  the  vaporiser  and 
the  vapour  valve,  and  cuts  off  the  supply  to  both  if  the  normal  speed  is 
exceeded.  It  is  the  compression  stroke  which  forces  the  charge  of  oil 
and  air  back  into  the  central  igniting  chamber,  which  is  maintained 
at  a  temperature  sufficient  to  fire  the  charge  by  the  heat  of  explosion. 
The  engine  is  made  horizontal  only  in  sizes  from  2  to  60  B.H.P.,  with 
a  speed  of  300  to  150  revolutions  per  minute.  Many  hundreds  are  said 
to  be  at  work.     An  external  view  is  given  at  Fig.  141. 

The  Globe,  made  by  Pollock,  Whyte  <&  Waddell,  is  an  oil  engine 
of  the  ordinary  type,  with  mushroom  valves  mechanically  driven,  and  hot- 
tube  ignition.  Petroleum  flows  by  gravity  from  a  reservoir  above  to  a 
valve  worked  from  the  side  shaft,  and  thence  to  the  vaporiser,  a  circular 
chamber  at  the  back  of  the  cylinder,  placed  above  the  ignition  tube,  and 
heated  by  the  same  lamp.  A  small  quantity  of  air  enters  through  a 
little  hole  at  the  side,  and  helps  to  convert  the  oil  into  vapour.  The  two 
then  pass  through  a  "vapour"  valve  to  the  cylinder,  being  further 
diluted  on  the  way  by  the  main  supply  of  air  through  another  valve. 
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If  the  normal  speed  is  exceeded,  the  inertia  governor  acts  upon  the- 
vapour  and  oil  valves,  and  wholly  cuts  off  the  supply,  and  air  only  enters 
the  cylinder  until  the  speed  is  reduced.  The  engine  is  said  to  work  well, 
but  as  the  main  supply  of  air  is  admitted  cold,  it  must,  to  a  certain 
extent,  chill  and  condense  the  oil  vapour,  and,  when  the  governor  acts, 
cool  the  cylinder.  The  engine  is  made  in  sizes  from  1  to  50  B.H.P., 
horizontal  only,  single  cylinder,  single-acting,  and  has  a  piston  speed  of 
about  500  feet  per  minute. 

The  Oundall  is  a  well-constructed  oil  engine  of  the  usual  type,  with 
hot-tube  ignition  and  vaporiser,  both  heated  by  the  same  lamp.  The  oil 
is  fed  into  the  vaporiser  through  a  cup,  the  capacity  of  which  is  varied 
by  a  valve  acted  on  by  the  governor,  and  the  supply  regulated  in  accord- 
ance with  the  power  required.  It  is  admitted  in  such  small  quantities 
at  a  time  that  the  whole  is  instantly  vaporised  and  burnt,  and  there  is 
said  to  be  no  waste.  The  vapour  and  exhaust  valves  are  worked  by 
cams,  the  air  supply  valve  is  automatic.  The  engine  is  started  by  hand, 
with  the  help  of  a  second  exhaust  cam  on  the  valve  shaft.  It  is  made 
horizontal  only,  from  2  to  80  B.H.P.;  larger  sizes,  up  to  300  H.P.,  are  in 
course  of  construction.  The  portable  engines  are  from  4  to  20  B.H.P., 
speed  280  to  160  revolutions  per  minute. 

The  Ideal,  made  by  Messrs.  Hardy  &  Padmore,  is  similar  in  con- 
struction to  the  Ideal  gas  engine,  with  the  addition  of  a  vaporiser.  It 
is  very  simple,  and  no  pumps  for  the  oil  and  air  are  required.  The  flame 
of  a  blast  lamp  worked  by  hand  is  allowed  at  starting  to  play  upon  the 
ignition  tube  and  vaporiser ;  the  latter  consists  of  a  coil  of  pipes  between 
the  tube  and  chimney.  The  oil  runs  from  a  reservoir  into  a  second 
receiver,  and  thence  to  a  valve  controlled  by  a  pendulum  governor 
through  a  rocking  lever.  The  suction  of  the  piston  draws  the  oil  into 
the  vaporiser,  where  it  is  volatilised,  and  thence  to  the  main  admission 
valve.  Here  it  is  mixed  with  air  through  an  inlet,  the  section  of  which 
is  previously  adjusted,  and  the  two  pass  to  the  cylinder  through  a  valve 
driven  from  the  side  shaft.  If  the  normal  speed  is  exceeded,  the  "hit- 
and-miss''  governor  wholly  cuts  off  the  supply  of  oil,  and  air  only  is 
admitted  till  the  speed  is  reduced.  It  is  claimed  for  this  engine  that  it 
can  be  started  in  1^  minutes.  After  running  for  a  short  time  the  lamp 
is  extinguished,  the  valve  leading  to  the  ignition  tube  and  vaporiser  is 
shut  off,  and  the  engine  works  without  either,  the  oil  being  vaporised 
and  the  charge  fired  by  the  heat  of  an  iron  vaporising  plate  fixed  in  the 
compression  space.  The  Ideal  is  made  in  sizes  from  ^  to  5^  H.P.,  with  a 
speed  of  450  to  300  revolutions  per  minute. 

The  Q«rdner  oil  engine  resembles  the  gas  engine  made  by  the  same 
firm.  It  is  a  handy  little  motor,  with  hot-tube  ignition,  made  to  work 
with  either  petroleum  or  benzoline ;  sometimes  the  charge  is  fired  electric- 
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ally.  The  engine  carries  no  aide  shaft.  There  are  two  mushroom  Talves 
for  ezhaost  and  admission,  both  driven  by  rods  and  levers  from  the  same 
eccentric.  A  cylindrical  ram  fits  into  the  cylinder  of  the  oil  pump.  The 
oil  is  fed  in  by  gravity ;  the  action  of  the  ram  as  it  is  driven  in  by  a 
rocking  lever  is  to  force  out  the  oil  through  a  nozzle  into  a  small  measur- 
ing cup,  from  whence  it  passes  to  the  vaporiser.  A  screw  on  the  lever 
adjusts  the  charge  of  oil  by  varying  the  stroke  of  the  pump.  The  suction 
stroke  of  the  motor  piston  draws  the  oil,  together  with  a  small  quantity  of 
air,  through  the  vaporiser  to  the  vapour  or  admission  valve,  where  it  is 
mixed  with  more  air  in  the  usual  way.  For  a  description  of  the  air  blast 
lamp  heating  the  vaporiser  and  ignition  tube,  see  the  paragraph  on  lamps 
in  Chapter  xiz.  The  air  for  it  must  be  pumped  in  every  hour.  The 
engine  is  made  in  sizes  from  }  to  20  B.H.P.,  and  runs  at  from  450  to  190 
revolutions  per  minute.  The  consumption  is  about  1  lb.  oil  per  B.H.P. 
hour. 

The  lEf  ayler  is  a  simple  engine  of  the  usual  Otto  type,  made  chiefly 
for  farm  and  agricultural  purposes,  pumping,  Ac,  in  sizes  from  1^  to  25 
H.P.  The  oil  is  contained  in  a  small  tank  above  the  cylinder,  and  passes 
to  the  vaporiser  through  a  sight  feed  cup,  thus  the  supply  may  be  regu- 
lated at  will.  The  rotary  ball  governor  acts  on  the  "  hit-and-miss  "  prin- 
ciple. When  used  as  a  portable  engine,  the  circulating  water  is  forced  by 
a  pump  frt>m  the  cylinder  jacket  on  to  a  cone,  where  it  is  oooled  by  an 
induced  current  of  air.  An  equally  simple  engine  is  made  by  Messrs. 
Brown  &  May,  of  Devizes,  in  which  the  oil  passes  from  a  receiver 
above  the  cylinder  to  the  vaporiser.  After  the  engine  is  started,  the 
vaporiser  is  kept  hot,  and  the  charge  fired  by  the  heat  of  the  engine  alone, 
no  external  light  being  required.  The  rotary  governor  acts  on  a  throttle 
valve  in  the  oil  pipe,  and  regulates  the  supply  of  oil  according  to  the 
load.  The  inlet  and  exhaust  valves  are  worked  from  the  side  shaft. 
The  engine  is  made  portable  and  stationary,  in  sizes  from  1^  to  15  B.H.P. 

An  oil  engine  embodying  several  of  the  latest  improvements  is  made 

by  the  lEf  ewton  Eleotrical  WorkSy  Taunton.     Of  the  two  sets  of  valves, 

the  exhaust  only  is  worked  by  a  cam  on  the  side  shaft,  the  admission 

valves  are  automatic.     A  carefully  regulated  quantity  of  oil  is  drawn 

from  a  tank  in  the  engine  bed  by  the  stroke  of  the  motor  piston,  together 

with  a  minute  supply  of  air,  iuto  the  vaporiser,  a  chamber  at  the  side  of 

the  cylinder,  through  which  the  exhaust  gases  are  led  to  heat  it.     The 

main  air  supply  is  sucked  in  through  an  automatic  valve,  and  mixing  with 

the  vi^porised  oil  carries  it  on  to  another  automatic  valve  admitting  the 

charge  to  the  cylinder.     The  rotary  ball  governor  on  the  side  shaft  acts 

upon  this  valve,  and  regulates  the  quantity  of  mixture  passing  through 

it  according  to  the  load,  the  proportions  of  the  charge  remaining  the 

same.     The  vaporiser  and  an  external  ignition  tube  below  it  are  heated 
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by  a  lamp  at  starting.  As  soon  as  the  engine  is  at  work,  the  lamp  is 
withdrawn,  the  external  tube  allowed  to  cool,  and  the  charge  fired  by  an 
internal  ignition  tube,  in  the  same  way  as  in  the  Olayton  and  Shuttle- 
worth  engine.  It  is  claimed  for  the  Newton  that  by  utilising  the  ex- 
haust gases  to  heat  the  vaporiser,  the  temperature  of  the  latter  is 
regulated  according  to  the  work  done  by  the  engine.  An  increase  in  the 
H.P.  developed  increases  the  volume  of  the  charge,  and  of  the  exhaust 
gases,  which  thus  transfer  more  heat  to  the  vaporiser,  to  counterbalance 
the  larger  quantity  of  cold  air  drawn  in.  The  engine  is  made  horizontal, 
in  sizes  from  1^  to  25  H.P.,  portable  from  3  to  15  H. P.,  and  runs  at  340 
to  190  revolutions  per  minute. 

The  Buston,  made  by  Huston  A  Proctor,  is  another  simple  oil 
engine,  with  spontaneous  or  automatic  ignition,  differing  from  others 
chiefly  in  the  method  of  vaporising  the  oil.  The  latter  is  drawn  by  a 
pump  from  the  base  of  the  engine,  and  sent  to  a  small  reservoir,  from 
whence  a  minute  quantity,  carefully  measured,  flows  per  stroke  to  the 
vaporiser,  a  spiral  coil  placed  in  an  extension  of  the  combustion  chamber, 
at  the  back  of  the  motor  cylinder.  The  oil  is  mixed  on  the  way  with  a 
little  air,  and  a  further  current  meets  it  at  right  angles,  and  sweeps  it 
into  the  vaporiser.  The  suction  of  the  piston  draws  the  charge  thus 
formed  through  the  vapour  valve  into  the  cylinder,  where  it  mingles  with 
the  main  supply  of  air,  and  is  compressed  and  fired  in  the  usual  way.  A 
small  ignition  tube  fixed  to  the  combustion  chamber,  and  open  to  the 
cylinder  without  a  timing  valve,  is  maintained  by  the  heat  of  the  ex- 
plosions at  a  temperature  sufficient  to  ignite  the  charge  at  the  end  of  the 
compression  stroke.  The  vaporiser  is  surrounded  by  annular  passages, 
and  after  being  heated  up  at  starting  is  hot  enough,  with  the  help  of  the 
heat  stored  up  in  these  passages,  to  convert  the  oil  supplied  to  it  into 
vapour.  The  vaporiser  and  tube  are  heated  at  starting  by  a  blast  lamp 
fed  with  air  from  a  small  fan  worked  by  hand.  The  centrifugal  governor 
acts  both  on  the  small  oil  measurer  regulating  the  quantity  of  oil  de- 
livered, and  on  the  vapour  valve.  Any  excess  of  oil  is  returned  to  the 
base  of  the  engine.  To  start  the  motor,  a  roller  attached  to  the  exhaust 
lever  pin  is  brought  in  contact  with  a  projection  on  the  cam  shaft,  and 
holds  the  exhaust  open.  The  roller  works  along  the  pin,  as  the  engine 
moves  out,  towards  a  smaller  cam,  and  the  opening  of  the  exhaust  is  thus 
graduated  till  the  engine  is  fairly  started.  The  main  supply  of  air  can  be 
varied  by  hand  while  the  engine  is  working,  and  the  richness  of  the  charge 
controlled.  Compression  is  adapted  to  suit  the  kind  of  oil  used.  The 
Ruston  12  H.P.  portable  engine  was  one  of  the  best  at  the  Royal  Agri- 
cultural Show  in  1901.  The  engine  ran  throughout  the  trials  without  a 
lamp,  at  about  220  revolutions  per  minute,  the  consumption  of  oil  was 
«0'69  lb.  per  B.H.P.  hour,  heat  efficiency  19*9  per  cent.     The  water  for 
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the  jacket  was  circulated  oontinuonsly  in  a  cooling  tower.  The  Ruston 
18  made  horizontal  in  sizes  from  5  to  50  B.H.P.)  portable  from  4  to  14 
B.H.P.y  with  a  speed  of  240  to  190  rcYolntions  per  minute. 

In  the  Oapel,  a  small  vertical  engine  of  2  B.H.P.,  the  oil  is  drawn 
from  a  reservoir  into  the  vaporiser  at  the  back  of  the  engine  by  the 
suction  stroke  of  the  piston,  controlled  by  the  governor.  The  engine 
is  said  to  work  well,  and  the  oil  is  completely  vaporised.  The  charge 
is  fired  by  electricity. 

The  Dndbridge  is^  of  the  usual  type,  with  vaporiser  and  ignition 
tube,  both  heated  by  a  small  automatic  lamp.  The  vaporiser  is  external 
to  the  cylinder,  and  consists  of  an  annular  chamber  surrounded  by  the 
chimney  of  the  lamp.  Outside  this  is  a  circular  passage  where  a  small 
quantity  of  air  is  heated,  and  admitted  to  the  vaporiser  with  the  oil,  to 
break  up  and  assist  in  volatilising  it.  The  suction  of  the  piston  draws 
down  the  oil  through  a  series  of  baffles,  which  are  said  to  ensure  its  com- 
plete vaporisation ;  the  main  air  charge  is  not  added  to  it  till  it  enters 
the  combustion  chamber.  This  air  supply  is  drawn  in  through  a  valve 
driven  by  a  lever  from  the  crank  shaft,  and  the  same  lever  actuates  the 
oil  pump,  which  delivers  a  measured  quantity  of  oil  per  stroke,  and  the 
vapour  valve  admitting  the  charge  to  the  cylinder.  The  engine  is  made 
horizontal  only,  in  sizes  from  1  to  50  B.H.P.,  and  runs  at  330  to  170 
revolutions  per  minute ;  for  electric  lighting  from  1^  to  65  B.H.P.,  at 
slightly  higher  speeds,  and  portable  from  4  to  20  B.H.P.  It  has  also 
•been  used  in  France  to  work  a  road  roller.  Two  engines  of  16  H.P. 
were  supplied  to  a  French  firm  for  this  purpose,  and  have  been  running 
successfully  since  1900.  Drawings  and  a  description  will  be  found  in 
The  Engineer,  March  21,  1902.  The  consumption  of  heavy  petroleum 
in  the  larger  engines  is  about  0-75  lb.  per  B.H.P.  hour. 

Messrs.  Drake  and  Fletcher  have  lately  brought  out  a  well-designed 
oil  engine  similar  in  type  to  their  gas  motor.  It  is  of  the  usual  four- 
cycle kind,  with  a  vaporiser  maintained,  as  well  as  the  hot  ignition  tube, 
at  a  bright  red  heat  by  a  fixed  blow  lamp  beneath  them.  A  given 
quantity  of  oil  per  stroke  is  conveyed  from  the  base  of  the  engine  by  a 
small  oil  pump  driven  from  the  side  shaft,  and  the  suction  of  the  piston 
•draws  it  into  the  vaporiser.  Here  it  is  converted  into  rich  oil  gas,  and 
•delivered  to  the  cylinder,  mixed  with  the  proper  proportion  of  air  to 
render  it  inflammable.  The  return  stroke  of  the  piston  compresses  the 
charge  in  the  usual  way.  The  governor  acts  both  upon  the  admission 
of  oil  to  the  vaporiser  and  of  the  charge  to  the  cylinder,  and  wholly 
cuts  off  the  supply  if  the  normal  speed  is  exceeded.  The  vaporiser  is 
kept  at  a  temperature  of  about  325^  F.  The  air  pressure  to  the  blow 
lamp  is  about  20  lbs.  per  square  inch.  The  engine  is  made  horizontal, 
.single  cylinder,  in  sizes  from  5  H.P.,  and  portable  from  7  H.P. 
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A  foar-<sjcle  horizontal  engine  to  work  with  ordinary  petroleum  is 
made  by  the  Acme  Engine  Company,  of  Glasgow.  It  is  similar  to  their 
gas  engine,  described  at  p.  105,  with  the  addition  of  a  vaporiser. 

The  Fetter  is  another  simple  engine,  especially  designed  to  drive 
pumps,  and  for  agricultural  purposes.  The  exhaust  valve  only  is  worked 
by  gearing;  the  admission  valve  is  automatic.  The  oil  flows  under 
pressure  from  a  receiver  above  to  the  vapour  valve,  where  it  is  atomised 
by  a  current  of  air  drawn  in  by  the  suction  of  the  piston,  and  further 
vaporised  by  the  heat  of  the  cylinder  and  of  compression.  There  is  no 
vaporiser,  the  oil  being  converted  into  gas  in  the  cylinder  itsel£  Ia 
the  larger  engines  the  exact  quantity  of  oil  required  to  form  the  charge 
is  sent  to  the  cylinder  by  a  small  pump.  The  governor  acts  both  on 
the  oil  inlet  and  on  a  throttle  valve  in  the  air  pipe,  and  regulates  the 
admission  of  both  according  to  the  load,  but  the  proportions  are  main- 
tained uniform,  and  there  is  an  explosion  at  every  second  revolution. 
Ignition  is  by  a  hot  tube  heated  by  a  lamp  at  starting.  This  is  after- 
wards extinguished,  and  the  charge  is  fired  by  means  qI  a  second  tube 
enclosed  in  a  box  surrounded  by  the  exhaust  gases,  the  heat  from  which 
suffices  in  a  few  minutes  to  bring  it  to  the  required  high  temperature. 
As  the  box  protects  the  tube  from  contact  with  the  cold  outer  air,  its 
"  life "  is  said  to  be  considerably  prolonged.  The  engine  is  made  hori- 
zontal, in  sizes  from  2  to  34  B.H.P.,  and  runs  at  480  to  200  revolutions 
per  minute;  portable  from  1  to  17  H.P.  About  a  thousaud  have  been 
made  since  1896. 

A  description  of  the  Safety,  the  Thistle,  and  the  Atlas  oil  engines, 
none  of  which  are  now  made,  will  be  found  in  Chapter  xx.,  3rd  edition. 
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CHAPTER  XXI. 
AMERICAN  GAS  AND  OIL  ENGINES."" 

CoNTBirr8.~We8tinghou8e—Na8h~Siiitz—Foo8~Web8ter— White  t  Middleton 
— Raymond — Paotfio — New  Era  —  Pierce — Springfield  —•  Dayton  —Wolverine  —• 
Fairbanks-Morse — Ruger — Vreeland— Backus — Star —Olds — Weber — Mietz  and 
Weisa — Palmer — Warren — Grand  Rapids — Otto  Gasoline — Lawson — Racine — 
Climax — Wing. 

Thb  gas  and  oil  engines  produced  in  America  are,  with  the  exception 
of  the  Westinghouse,  neither  so  varied  in  type  nor  so  numerous  as  in 
Europe,  and  this  may  be  partly  attributed  to  the  low  price  of  coal  in 
tbe  United  States,  which  renders  it  unnecessary  to  seek  any  less  costly 
motive  power  than  steam.  Cheap  oil  in  large  quantities  is,  however, 
obtained  in  Pennsylvania  and  other  places,  and  within  the  last  few  years 
the  construction  of  internal  combustion  motors,  especially  for  large 
powers,  has  greatly  increased.  The  following  engines,  representing  the 
chief  t3rpes  made  in  the  United  States,  are  mostly  intended  to  be  driven 
either  with  gas  or  benzine  (light  petroleum),  "  gasoline,"  as  it  is  called. 
Ordinary  heavy  petroleum  is  not  much  used  in  America  to  generate 
po^er  in  an  engine,  the  lighter  oils  being  preferred,  as  easier  to  handle, 
cheap,  and  abundant. 

The  WestinghoiLse  engine,  a  full  description  of  which  will  be  found 
at  p.  112,  is  made  in  America  by  the  original  firm,  the  Westinghouse 
Machine  Company,  of  Pittsburg.  It  is  much  used  to  work  with  natural 
gas,  of  1,000  B.T.U.  per  cubic  foot  heating  value.  With  this  rich  gas 
the  heat  efiiciency  is  said  to  be  from  21  to  25  per  cent,  in  engines  of  less 
than  50  H.P.,  and  the  consumption  about  10^  to  12  cubic  feet  of  gas 
per  B.H.P.  hour.  The  engine  is  specially  intended  for  large  powers 
•of  1,500  H.P.  and  upwards,  with  several  cylinders.  Two  engines  of 
1,500  H.P.  each,  with  three  cylinders  2  feet  10  inches  in  diameter  by 
^  feet  stroke,  have  been  made  by  the  Westinghouse  Company  at  Pitts- 
burg. Many  are  in  course  of  construction,  or  have  been  already  erected, 
of  650,  280,  225,  and  150  RP.,  and  hundreds  are  at  work  driven  with 
natural  or  power  gas.      Among  them   is   a   large    plant  at  Bradford, 

*  The  editor  has  in  this  chapter  had  the  assistance  of  Professor  Hutton,  of 
Columbia  University,  U.S.,  whose  kind  revision  and  valuable  help  are  herewith 
^^ratefuUy  acknowledged* 
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Pennsjlyaniay  oompriaing  one  200  H.P.,  and  three  125  H.P.  engines 
using  natural  gas,  the  oonsumption  being  13  cubic  feet  per  H.P.  hour. 
Formerly  the  same  gas  was  burnt  under  boilers  to  generate  steam,  and 
the  consumption  for  the  same  power  was  52  cubic  feet  per  H.P.  hour. 
In  an  electric  station  in  Ohio  there  are  a  650  H.P.  engine,  running  at 
150  revolutions,  and  a  280  H.P.,  with  a  speed  of  280  revolutions  per 
minute,  both  driven  with  natural  gas,  and  generating  electricity.  An- 
other station  in  Alleghany  has  two  125  H.P.  Westinghouse  gas  engines, 
supplying  power  for  three  large  cranes  and  other  purposes.  In  New 
York  State  there  are  two  60  H.P.  and  two  90  H.P.  engines,  all  worked 
with  natural  gas,  and  driving  mills  and  dynamos,  and  twelve  gas  engines, 
with  an  aggregate  of  3,000  H.P.,  in  Kansas.  When  worked  with  power 
gas  these  engines  are  said  to  give  1  B.H.P.  per  hour  per  lb.  of  coal  burnt 
in  the  producer.  Oil  is  not  suitable  as  the  motive  agent  in  these  large 
power  motors,  but  light  oil,  ''  petrol,"  or  gasoline  is  used  in  engines  from 
10  to  50  H.P. 

Nash. — As  originally  designed  by  the  National  Meter  Company, 
New  Tork,  this  was  a  vertical  two-cycle  engine,  but  this  early  type 
has  been  superseded  by  the  usual  four-cycle,  with  a  side  shaft,  driven 
from  the  main  shaft,  and  acting  on  the  admission  and  exhaust  valves 
through  cams  and  rods.  The  admission  valve-rod  has  an  arm  worked 
by  the  governor,  which  regulates  the  supply  of  gas  according  to  the 
power  required.  The  Nash  engines  are  made  vertical  from  ^  to  10  H.P., 
and  with  two  or  four  cylinders  from  10  to  200  H.P.;  for  large  powers 
they  are  much  used  for  electric  lighting  and  pumping.  Either  gas  or 
gasoline  may  be  employed  as  the  motive  agent. 

Sintz. — This  vertical  engine  is  made  in  sizes  from  1  to  15  H.P.  by 
the  Sintz  Gas  Engine  Company,  of  Michigan.  Like  the  early  Nash 
engine  and  the  Day*  in  England,  it  is  a  two-cycle  motor;  when  driven 
by  oil  a  small  pump  is  added,  worked  from  the  engine.  There  are  prac> 
tically  no  valves,  except  one  for  admitting  the  charge.  In  the  down 
stroke  of  the  motor  piston  the  exhaust  port  on  one  side  of  the  cylinder 
is  first  uncovered,  and  next  an  inlet  valve,  through  which  air  at  a  slight 
pressure  is  forced  from  the  base  of  the  engine.  At  the  same  time  the 
gas  valve  driven  by  an  eccentric  on  the  crank  shaft  opens,  and  a  charge 
of  gas  is  sent  into  the  compressed  air,  or  if  oil  is  used,  the  pump 
injects  a  small  quantity  of  finely  sprayed  gasoline.  The  oil  or  gas  and 
air  strike  against  a  deflector  inside  the  cylinder,  are  forced  upwards, 
and  further  compressed  by  the  next  up  stroke.  The  charge  is  fired 
electrically  at  the  dead  point,  contact  being  made  by  a  connecting-rod 
worked  by  a  cam  on  the  crank  shaft.  The  centrifugal  governor  acts 
upon  the  stroke  of  the  pump,  and  diminishes  the  quantity  of  gasoline 

*  Described  in  the  first  edition  of  this  work)  p.  135. 
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in  inverse  ratio  to  the  speed.  A  boat  driven  by  a  Duplex  Sintz  engine, 
with  two  vertical  cylinders,  was  shown  at  Chicago  in  1893.  Motion  was 
imparted  by  connecting  the  engine  to  the  screw  by  a  shaft  and  friction 
coupling,  and  a  single  handle  served  to  regulate  the  quantity  of  oil 
passing  to  the  cylinder,  and  the  action  of  the  screw  in  the  water.  The 
cooling  water  was  sent  to  the  cylinder  jacket  by  a  small  pump  driven 
from  the  engine,  which  was  also  used  to  pump  out  the  bilge.  A  good 
many  small  marine  engines  of  tlus  type  are  made  for  lake  and  river 
work. 

Foos. — ^A  four-cycle  engine,  working  with  either  gas  or  light  petro- 
leum (gasoline),  is  made  by  the  Foos  Gas  Engine  Company,  Spring- 
field, Ohio,  both  horizontal  and  vertical,  in  sizes  from  2^  to  100  B.H.P. 
The  motor  is  fired  electrically,  the  connection  and  separation  of  the 
electrodes  being  effected  from  the  main  shaft  through  wheels.  The 
light  oil  used  requires  little  vaporising.  It  is  contained  in  a  tank  at 
the  side  of  the  engine,  and  air,  previously  heated  by  passing  round  the 
exhaust  valve,  is  drawn  by  the  suction  stroke  of  the  piston  through  the 
petroleum  vapour,  which  it  absorbs  in  its  passage  to  the  admission 
chamber.  The  exhaust  is  worked  by  a  connecting-rod  passing  through 
the  base  of  the  engine,  and  a  cam  on  the  valve  shaft.  The  ball  governor 
acts  on  the  "  hit-and-miss "  principle,  and  cuts  off  the  supply  of  gas  or 
oil  if  the  normal  speed  is  exceeded. 

The  Webster  Mannfaotoring  Company,  of  Chicago,  make  engines 
both  horizontal  and  vertical,  driven  either  by  gas  or  gasoline.  They 
are  of  the  usual  four-cycle  type,  with  admission  and  exhaust  valves  on 
either  side  of  the  cylinder,  driven  from  a  valve  shaft  running  at  half 
the  speed  of  the  crank  shaft.  The  same  shaft  also  actuates  a  small 
pump,  which  forces  the  gasoline  from  a  receiver  in  the  base  of  the 
engine,  and  sends  it  in  minute  quantities  to  a  cylindrical  chamber  at 
the  side.  The  air  is  drawn  from  the  bed  of  the  engine  through  the 
vaporiser  by  the  suction  of  the  piston,  and  passes,  charged  with  oil 
vapour,  to  the  cylinder,  where  the  mixture  is  compressed,  and  fired  by 
a  tube  heated  by  a  Bunsen  burner,  fed  with  gasoline  from  a  separate 
small  tank.  The  centrifugal  governor  on  the  crank  shaft  throws  the 
exhaust  valve  and  oil  pump  out  of  gear,  if  the  normal  speed  is  exceeded. 
Many  hundreds  of  these  engines  are  said  to  be  at  work  in  the  United 
States.  They  are  made  vertical,  2^  and  4  B.H.P.,  and  horizontal  from 
4  to  28  B.H.P. 

White  &  Middleton. — An  engine  of  the  ordinary  four-cycle  type, 
for  gas  or  gasoline,  is  made  by  the  White  &  Middleton  Company,  Balti- 
more, in  sizes  from  4  to  50  B.H.P.  In  this  motor  the  valve  shaft  is 
replaced  by  spur-gearing.  Ignition  is  by  a  tube  with  a  timing  valve, 
the  spindle  of  which  is  worked  from  the  motor  piston.    Ports  are  also 
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oncovered  by  the  piston,  through  which  part  of  the  exhaust  products 
escape ;  the  remainder  are  discharged  at  the  end  of  the  stroke  through 
a  valve  worked  by  a  rod  and  levers  from  the  crank  shaft,  through  a 
slide  and  cam.  The  same  rod  actuates  the  spindle  of  the  gas  valva 
Both  exhaust  and  admission  are  thrown  out  of  gear  by  the  governor, 
if  the  normal  speed  is  exceeded.  If  the  engine  is  driven  with  gasoline, 
a  small  oil  pump  is  substituted  for  the  gas  valve-rod,  and  is  controlled 
on  the  *'  hit-and-miss  "  principle  by  the  governor. 

Saymond. — The  vertical  four-cycle  Raymond  gas  engine  is  made 
by  the  Case  Threshing  Machine  Company,  Wisconsin,  with  one  cylinder, 
in  sizes  from  1  to  20  H.P. ;  two  cylinders,  4  to  50  H.P. ;  four  cylinders, 
60,  85,  and  100  H.P.  All  the  parts  are  enclosed  in  a  cast-iron  frame.  The 
crank  shaft  is  in  the  base ;  the  latter  also  contains  a  reservoir  of  oil,  into 
which  the  crank  dips  at  each  revolution.  The  rotary  valves  at  the 
top  of  the  cylinders  are  held  on  their  seats  by  springs,  and  worked  by 
spur  gear  from  the  crank  shaft.  The  automatic  ball  governor  on  the 
flywheel  regulates  the  quantity  of  the  charge,  but  does  not  Affect  the 
proportions  of  gas  and  air,  and  the  engine  is  said  to  work  so  well  that 
there  is  scarcely  2  per  cent,  difference  in  speed  when  the  load  is  thrown 
on  and  off.  An  impulse  every  revolution  is  obtained  in  the  two-cylin- 
der type;  with  four  cylinders  there  is  one  impulse  per  stroke.  The 
oil  is  drawn  from  a  tank  by  a  pump,  and  sent  to  a  small  glass  reser- 
voir above  the  vaporiser  through  a  needle  valve,  controlled  by  the 
governor.  Any  surplus  oil  is  returned  to  the  tank.  The  air  to  the 
vaporiser  is  heated  by  the  exhaust  gases.  The  charge  is  fired  by 
electricity,  and  the  dynamos  are  worked  direct  by  a  strap  from  the 
flywheel.  The  engines  are  fitted  with  a  patent  starting  device,  and 
all  sizes  can  be  started  with  ease.  A  large  number  are  made  in  the 
United  States. 

Facifio. — An  engine  of  the  ordinary  four-cycle  type,  with  electric 
ignition,  and  in  which  the  motive  power  is  derived  from  either  gas 
or  gasoline,  is  the  Pacific,  made  by  the  Union  Gas  Engine  Company, 
of  San  Francisco.  It  is  especially  adapted  for  marine  work,  fitted  with 
reversing  gear,  and  has  a  clutch  lever  for  starting  and  stopping  the 
propeller  shaft.  Water  for  the  cooling  jacket  is  drawn  from  and 
returned  to  the  water  round  the  boat.  The  engine  itself  is  never 
reversed,  but  only  the  direction  of  motion  of  the  propeller  and  secondary 
engine  shafts.  The  exhaust  valve  is  raised  once  in  every  two  revolu- 
tions by  a  double-grooved  cam  on  the  crank  shaft,  into  which  a  projec- 
tion fits,  in  the  same  way  as  in  the  Daimler  engine.  The  governor 
acts  on  the  exhaust  valve,  and  holds  it  open  if  the  normal  speed  be 
exceeded.  The  vaporisation  of  the  oil  is  effected  by  the  force  of  an  air 
blast.     Air,  previously  heated  by  the  exhaust  gases,  is  drawn  upwards 
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by  the  suction  stroke  of  the  motor  piston  into  the  vaporiser,  a  glass  or 
metal  chamber,  above  which  is  a  tank  containing  light  petroleum  or 
gasoline.  The  current  of  air  lifts  a  valve,  and  a  small  quantity  of  gaso- 
line flows  into  the  vaporiser,  where  it  is  said  to  be  instantly  turned 
into  oil  vapour  by  the  hot  air.  The  engine  is  vertical,  and  is  made 
with  two  cylinders  for  large  powers. 

The  New  Bra,  so  called,  is  a  four-cycle  engine,  with  valve  shaft 
worked  from  the  crank  shaft  by  worm  gear  2  to  1,  and  an  exhaust 
port  uncovered  by  the  piston,  in  the  same  manner  as  in  the  two-cycle 
type.  The  ball  governor  is  driven  from  the  same  shaft.  The  engine 
may  be  worked,  with  lighting,  natural,  or  power  gas,  or  gae^oline.  With 
the  latter  a  small  pnmp  is  used,  which  draws  a  few  drops  of  oil  at  a  time 
from  a  tank,  and  forces  them  into  the  mixing  chamber,  where  they  im- 
pregnate the  incoming  air.  The  engine  is  made  in  sizes  from  10  to  50 
B.H.P. 

The  Pierce  is  another  engine  made  to  work  with  either  gas  or  gaso- 
line, of  the  ordinary  four-cycle  type,  and  built  in  sizes  from  1  to  20 
B.H.P.  The  side  shaft  drives  the  valves  through  a  cam  and  connecting- 
rod.  The  governor,  on  the  ''  hit-and-miss "  principle,  consists  of  a 
weighted  steel  finger  like  an  inverted  pendulum,  which  acts  on  the  gas 
valve,  and  cuts  off  the  supply  if  the  normal  speed  is  exceeded.  Electric 
ignition  is  used,  and  the  electrodes  which  produce  the  spark  are  arranged 
to  rub  against  each  other  at  every  stroke,  and  are  thus  kept  clean. 
Gasoline  ia  supplied  by  a  pump  from  an  underground  tank  to  a  cup,  from 
whence  it  passes  to  the  air  inlet  valve,  and  any  excess  of  oil  is  run  back 
to  the  tank. 

The  Charter  was  one  of  the  earlier  four-cycle  •  gas  engines,  and 
<!laimed  to  be  the  first  to  obtain  power  from  gasoline,  but  its  construc- 
>tion  has  now  been  given  up.  A  description  will  be  found  in  the  Third 
Edition,  p.  366. 

■  The  Spiingfleld  engine,  which  can  be  driven  with  any  kind  of  gas — 
lighting,  power,  or  natural — and  also  with  gasoline,  differs  slightly  from 
the  usual  type.  Like  the  New  Era  it  has  an  exhaust  port  uncovered  by 
the  piston  at  the  end  of  its  stroke,  a  method  of  construction  usually 
found  in  two-cycle  engines.  It  has  also  an  exhaust  valve  which,  together 
with  the  admission  valve,  is  worked  by  cams  from  a  horizontal  shaft  run- 
ning across  the  top  of  the  cylinder,  and  connected  to  a  second  longi- 
tudinal shaft  driven  from  the  crank  shaft  in  the  ordinary  way.  The 
governor  worked  from  the  crank  shaft  regulates  the  supply  of  gas  and 
air  according  to  the  power  required.  If  the  engine  is  run  with  gaso- 
line, a  small  supply  pump  worked  by  a  cam  on  the  longitudinal  shaft 
•draws  the  oil  from  a  tank,  and  sends  it  on  to  a  plunger  pump,  which 
regulates  the  quantity  passing  to  the  cylinder.      If  the  oil  flows  by 
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gravitj  from  an  upper  reservoir,  no  lupply  pump  is  needed.  The  charge 
is  fired  electrically.  The  engine  is  made  horizontal  in  sizes  from  1  to 
40  B.H.P. 

The  Dayton  gas  or  gasoline  engine,  made  in  sizes  from  2  to  50  H.P., 
is  of  the  ordinary  four-cycle  type,  with  electric  ignition.  The  exhaust 
and  admission  valves  are  worked  by  cams  from  a  valve  shaft  in  the 
usual  way,  and  the  same  shaft  also  carries  cams  driving  the  ignition 
rod  for  producing  the  spark,  and  the  gas  or  oil  valve.  The  centrifugal 
,  governor  acts  on  the  latter  on  the  "  hit^uid-miss  "  principle. 

The  Wolverine  is  a  small  vertical  engine  made  both  four-  and  two- 
cycle,  and  using  gasoline  of  0*63  to  0*76  specific  gravity.  In  the  four- 
cycle type  the  exhaust  is  driven  from  a  cam  on  the  valve  shaft,  and  the 
oil  pump  from  an  eccentric  on  the  same  shaft.  The  charge  is  ad- 
mitted to  the  cylinder  through  an  automatic  valve.  The  engine  is  made 
single  cylinder  from  1  to  6  H.t.,  and  with  two  cylinders  up  to  12  ILP. 
The  two-cycle  engine  is  somewhat  similar  to  the  Sintz.  The  up-stroke 
of  the  piston  draws  a  charge  of  gas  or  gasoline  and  air  into  the  enclosed 
base  of  the  engine,  and,  at  the  same  time,  compresses  the  mixture 
already  delivered  to  the  top  of  the  cylinder.  At  the  upper  dead  point 
the  charge  is  fired  electrically,  and  the  explosion  drives  down  the  piston. 
In  its  descent  the  exhaust  port  is  first  opened,  and  the  burnt  products 
discharged.  The  same  stroke  serves  to  compress  the  fresh  charge  below 
the  cylinder  through  a  passage  at  the  side,  from  whence  it  passes 
through  an  open  port  in  the  cylinder  head  to  the  upper  part,  and  the 
cycle  recommences.  As  the  port  in  the  cylinder  head  is  opened  almost 
immediately  after  the  exhaust,  the  incoming  charge  helps  to  drive  out 
the  exhaust  gases.  This  two-cycle  type  is  made  for  marine  engines 
with  one  cylinder,  up  to  6  EL  P.,  and  for  larger  powers  with  two 
cylinders.  Marine  engines  are  fitted  with  reversing  gear,  which  does 
not  seem  to  present  as  much  difficulty  in  America  as  in  Europe,  and 
the  water  circulating  pump  is  driven  by  an  eccentric  from  the  crank 
shaft.  The  pistons  of  the  two  motor  cylinders  work  alternately,  the 
cranks  being  set  at  an  angle  of  180**.  The  gasoline  is  injected  through  a 
needle  valve  into  the  chamber  enclosing  the  crank  shaft. 

The  Fairbanks-Morse  engine  for  gas  or  gasoline  is  based  on  the 
Caldwell.  It  is  of  the  usual  Otto  cycle  type,  and  is  made  horizontal 
from  3  to  70  B.H.P.,  and  vertical  2  B.H.P.  The  motor  has  no  side 
shaft.  The  exhaust  valve  is  driven  by  a  cam  and  roller  from  an 
eccentric  on  the  crank  shaft,  and  an  arm  from  the  valve-rod  works  the 
gas  valve.  The  governor  on  the  flywheel  acts  upon  the  exhaust  roller, 
and  throws  it  off  the  cam  if  the  speed  is  too  great.  Air  enters  from  the 
base  of  the  engine,  and  passes  with  the  gas  to  a  mixing  chamber,  and 
thence  through  an  automatic  valve  to  the  cylinder.     The  charge  is  fired 
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by  eieotiicitj  or  hot  tube;  in  the  former  case  the  spark  is  produced 
from  the  exhaust  valTe-rod.  The  engine  is  started  from  a  reservoir  of 
compressed  air  filled  by  hand.  When  driven  with  gasoline  a  supply 
is  drawn  from  a  tank  in  the  base,  and  sent  to  a  small  reservoir.  From 
hence  a  quantity,  controlled  by  a  small  check  valve,  is  forced  through  a 
noszle  into  the  air  pipe  by  the  current  of  air  induced  by  the  suction 
str<^e  of  the  piston,  and  the  air  and  oil  vapour  pass  in  carefully 
regulated  proportions  to  the  mixing  chamber. 

The  Bnger  engine  made  at  Buffalo  is  vertical,  in  sizes  from  1  to  S 
B.H.P.,  and  horizontal  from  10  to  50  B.H.F.  It  is  of  the  ordinary 
fonr-oycle  type,  with  a  side  shalt,  and  the  governor  acts  by  holding 
the  exhaust  open.  The  gasoline  pump  is  also  worked  from  the  cam 
shaft.  Ignition  is  by  hot  tube  or  electricity.  In  America  the  system  of 
firing  the  charge  in  oil  engines  by  spontaneous  ignition  appears  to  be 
seldom  adopted. 

The  Vreeland  is  a  small  four-cycle  engine  for  gas  only,  with  a  side 
shaft  driving  the  exhaust  and  gas  supply  valves  throngh  cams.  Com- 
municating with  the  main  exhaust  is  a  supplementary  exhaust  valve,  the 
object  of  which  is  to  cleanse  the  cylinder  more  thoroughly  of  the  burnt 
products  during  the  return  stroke.  It  is  worked  from  the  side  shaft  by 
a  lever  and  cam.  The  governor  acts  on  the  gas  valve,  and  wholly  cuts 
off  the  supply  if  the  normal  speed  is  exceeded.  The  engine  is  made  in 
sizes  up  to  20  B.H.P. 

The  Backus  gas  engine  is  made  horizontal  in  sizes  from  5  to  60 
B.H.P.,  and  also  vertical  for  small  powers.  Like  the  Yreeland  it  has 
an  auxiliary  exhaust  valve  in  the  cylinder  head,  connected  by  a  passage 
to  the  main  exhaust  ports,  which  are  opened  by  the  piston  at  the  end  of 
the  out-stroke.  The  valves  are  driven  from  a  side  shaft  geared  to  the 
crank  shaft  in  the  usual  proportions,  and  which  also  drives  the  governor. 
The  valve-rod  for  the  subsidiary  exhaust  is  worked  by  an  eccentric  from 
this  shaft,  and  connected  to  the  pendulum  governor,  which  acts  upon  it  if 
the  normal  speed  is  exceeded.  In  the  vertical  engine  this  eccentric  is 
driven  direct  by  a  cam  on  the  side  shaft,  while  the  governor  acts  on  the 
gas  supply.  Gas  and  air  enter  the  cylinder  through  the  same  valve,  and 
pass  from  thence  into  a  passage  at  the  lower  end,  serving  also  for  the 
discharge.  In  both  types  the  bottom  of  the  piston  and  of  the  cylinder 
are  hollow,  in  order  to  obtain  the  maximum  volume  of  the  combustion 
chamber  with  the  minimum  wall  surface. 

The  Star  is  another  extremely  simple  motor,  made  horizontal  from 
1  to  25  H.P.,  and  vertical  2  B.H.P.  The  admission  valve  is  worked  by  a 
rod  and  cam  from  the  reducing  gear  wheel,  and  contains  an  annular 
slot  serving  as  a  mixing  chamber,  through  which  both  gas  and  air  enter. 
The  inertia  or  ball  governor  acts  upon  the  rod,  and  regulates  the 
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•quantity  of  gas,  either  diminishing  or  wholly  cutting  off  the  supply, 
according  to  the  power  required.  The  exhaust  on  the  other  side  of  the 
cylinder  is  worked  by  an  eccentric  from  the  crank  shaft. 

The  Oldfl  engine  for  gas  or  gasoline  also  carries  no  side  shaft.  The 
valves  are  worked  from  an  eccentric  on  the  main  shaft,  the  rod  of 
which  passes  through  a  valve  chest  at  the  side  of  the  cylinder.  The 
exhaust  valve  is  acted  on  by  the  pendulum  governor  through  a  ratchet 
and  wheel,  and  is  held  closed  if  the  usual  speed  is  exceeded.  The 
admission  valve  is  automatic,  the  small  oil  pump  is  worked  from  tbe 
eccentric.  Gasoline  is  pumped  into  a  receiver  at  the  top  of  the  cylinder, 
above  the  admission  valve,  and  the  surplus  returned  to  the  reservoir, 
while  air  is  drawn  into  the  vaporiser  from  the  engine  frame  by  the 
suction  of  the  piston,  and  the  current  pulverises  the  oil.  The  engine 
is  also  made  two  cylinder  for  launches  and  boats,  in  sizes  from  2  to  8 
H.P.  The  horizontal  type  is  from  7  to  50  B.H.P.,  and  the  vertical  up 
to  5  RH.F.  For  marine  work  the  water  cooling  the  cylinder  is 
discharged  through  the  exhaust,  thus  reducing  the  temperature  of  the 
latter. 

The  Weber,  a  more  important  engine,  much  used  for  industrial 
purposes,  is  of  the  usual  four-cycle  type,  made  horizontal,  and  for  powers 
of  2  B.H.P.,  vertical.  A  feature  of  the  motor  is  the  enclosed  and  water- 
jacketed  valve  chamber.  Ignition  is  by  a  tube  heated  by  a  Bunsen 
burner.  The  valves  are  worked  by  three  rods  and  cams  on  the  reducing 
gear,  serving  the  exhaust,  admission,  and  ignition  timing  valves  respec- 
tively. The  cylinder  cover,  as  well  as  the  barrel,  has  a  circulating 
water  jacket.  .  The  governor  acts  upon  the  gas  or  gasoline  supply,  and 
varies  the  amount  according  to  the  speed,  or  wholly  cuts  it  off,  when 
the  engine  is  running  lighter  The  gasoline  is  drawn  from  the  tank,  and 
supplied  direct  to  the  engine  in  a  fluid  state,  no  vaporiser  being  used. 
Nor  does  it  come  in  contact  with  the  air  to  form  an  explosive  charge 
until  it  reaches  the  combustion  chamber,  and  this  contributes  to  the 
safety  of  an  engine  working  with  light  oil.  The  principle  differs  wholly 
from  the  German  method  of  admitting  air  to  tbe  oil  twice,  but  the 
specific  gravity  of  gasoline  is  much  lower.  There  are  two  valves  in  the 
Weber  to  admit  the  gasoline  to  the  cylinder ;  sometimes  one  of  them  is 
automatic.  In  the  latest  engines  the  exhaust  ports  are  opened  by  the 
piston  at  the  end  of  the  outstroke,  and  a  supplemental  exhaust  valve  in 
the  cylinder  head  is  driven  by  a  rod  and  cam.  This  is  an  arrangement 
seldom  found  except  in  American  engines.  The  Weber  is  made  hori- 
zontal, in  sizes  from  4  to  100  B.H.P.,  for  electrical  work,  and  especially 
for  pumping  and  hauling  in  mines. 

The  Mietz  and  Weiss  engine,  made  at  New  York,  may  be  worked 
with  natural  or  artificial  gas,  or  kerosene.     It  is  a  two-cycle  motor,  with 
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an  impulse  per  revolution.  The  crank  and  motor  shafb  are  enclosed, 
and  are  cooled  by  a  charge  of  fresh  air  through  .the  crank  chamber  at 
each  revolution.  At  starting,  the  charge  is  fired  by  a  hot  tube,  but 
compression  and  the  heat  of  the  explosions  are  afterwards  sufficient  to* 
produce  automatic  ignition.  The  oil  is  delivered  by  a  small  pump  driven 
by  an  eccentric  on  the  crank  shaft.  The  centrifugal  governor,  also  on 
the  main  shafts  rotates  in  accordance  with  the  speed  of  the  engine.  It 
commands  the  plunger  piston  of  the  oil  pump,  which  makes  one  stroke 
for  every  revolution  of  the  governor  shaft ;  thus  the  quantity  of  oil  sent 
to  the  cylinder  varies  with  the  load.  The  oil  is  vaporised  by  a  current 
of  air  drawn  in  at  the  dead  point,  and  compressed  by  the  return  stroke 
to  one-quarter  its  original  volume.  The  engine  is  made  horizontal,  in 
sizes  from  1  to  15  B.H.P.,  and  runs  at  500  to  300  revolutions  per  minute. 
It  is  much  used  for  pumping  and  various  industrial  purposes,  and  also- 
for  marine  work ;  in  the  latter  type  the  action  of  the  screw  is  reversed 
by  friction  coupling. 

The  Palmer  engine  is  made  two-  and  four-<$ycle  by  the  Mianus 
Electric  Company,  Connecticut.  In  the  vertical  two-cycle  type,  con- 
structed from  1^  to  6  H. P.  for  boats  and  launches,  the  crank  and  crank 
shaft  are  enclosed,  and  the  cycle  is  similar  to  that  already  described  in 
the  Sintz  and  other  engines.  The  charge  is  fired  electrically.  The  four- 
cycle engine  is  of  the  usual  type.  At  the  end  of  the  out  compression 
stroke  the  piston  uncovers  a  small  port,  allowing  some  of  the  burnt  pro- 
ducts to  escape  before  the  main  exhaust  port  opens.  The  valves  are 
worked  from  a  side  shaft,  which  also  carries  the  centrifugal  governor, 
and  is  geared  2  to  1  to  the  main  shaft.  The  engine  is  made  in  sizes- 
from  3  to  50  B.H.P.,  and  has  a  speed  of  250  to  160  revolutions  per 
minute. 

Two  four-cycle  engines  for  gas  or  gasoline,  the  Warren,  made  by 
Struthers  &  Wells,  and  the  Qrand  Bapids,  are  of  the  usual  type.  The 
Warren  is  horizontal,  in  sizes  from  3|  to  62  B.H.P.  with  single  cylinder, 
from  20  to  125  B.H.P.  with  two  cylinders,  and  up  to  1,000  H.P.  with 
four  cylinders.  The  Grand  Rapids  is  constructed  with  one,  two,  and 
three  cylinders,  from  1  to  45  H.P.,  and  is  used  with  adjustable  propeller 
for  boats  and  other  marine  work. 

The  Otto  gas  engine  is  made  in  America  by  the  Company  of  that- 
name  at  Philadelphia.  About  8,000  engines  are  said  to  have  been  built 
from  1883  to  1900,  the  output  now  being  about  800  per  year.  It  is 
made  vertical  from  1  to  3^  B.H.P.,  horizontal  from  1  to  120  B.H.P.,  for 
driving  dynamos  from  3}  to  36  B.H.P.  .  When  worked  with  gasoline  no 
carburator  is  used.  The  oil  is  pumped  from  an  underground  air-tight 
iAnk  to  a  valve  acted  on  by  the  governor,  which  admits  a  given  quantity 
to  the  cylinder,  where  it  is  immediately  pulverised  by  a  current  of  air,. 
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ftnd  rendered  iaflammable.  No  air  reacheB  the  gaaoline  in  iU  pvtsage 
from  the  tank  to  the  en^e.  The  charge  i>  fired  by  electricity,  thifl 
being  considered  the  safest  method  of  ignitiog  so  exploaive  a  mixture. 
The  surplus  oil  is  rotumed  to  the  tank.  Sinoe  the  begmning  of  thifl 
oeBtnry  the  Otto  engine  has  been  auoceaflAiIly  applied  to  drive  submarine 
torpedo  boats.  The  engine  ie  of  the  uBual  fonr-oycle  type,  with  fonr 
vertical  inverted  cylinders.  Each  piston  works  downwards  through  long 
guides  and  a  separate  crank  on  to  the  crank  shaft.  The  valves  above 
the  cylinders  are  worked  by  one  horizontal  cam  shaft,  driven  from  the 


Fig.  142.— Otto  GMolioe  Engine  for  "Holland"  Submarine  Torpedo  Veesel. 

main  abaft  through  a  vertical  intermediate  shaft;  the  arrangement  is 
clearly  shown  in  Fig.  142.  The  cylinder  heads  and  valve  chambers  are 
water-jacketed.  The  cranks  are  set  at  an  angle  of  180*,  thus  giving  an 
impulse  per  revolution,  and  the  charge  is  fired  electrically  in  one  or  other 
cylinder,  at  each  down-stroke  of  the  motor  piston.  The  »hit*nd-mis«" 
centrifugal  governor  acts  on  the  oil  supply,  and  cuts  it  off  from  one 
or  more  cylinders,  according  to  the  load.  With  several  cylinders  tbia 
method  of  governing  gives  satisfactory  results.  A  characteristic  of  the 
Otto  gasoline  type  is  that  the  cylinders  are  in  paura,  each  set  of  two 
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haTing  a  oommon  water  jacket.  The  engine  is  started  bj  compressing 
a  charge  of  oil  and  air  into  each  cylinder  by  band.  As  soon  as  the 
supply  is  sufficient,  the  electric  current  is  switched  on,  an  explosion 
obtained  in  one  cylinder,  and  the  engine  begins  to  work.  The  first 
engine  fitted  to  a  torpedo  boat  developed  on  trial  190  B.H.P.  at  a  speed 
of  160  revolutions  per  minute,  and  a  consumption  per  B.H.P.  hour  of 
0*88  pint  of  light  oil  of  0*74  specific  gravity.  Engines  of  this  type  for 
seven  submarine  torpedo  boats  of  the  United  States  Navy  have  now 
been  built,  or  are  in  hand.  For  a  full  account  see  Jowmal  of  the 
American  Society  of  Nomal  Engineers,  vol.  xiii,  No.  1. 

The  Iiawson  engine,  for  gas  or  kerosene,  of  the  usual  type,  is  made 
vertical  only  in  sizes  from  j^  to  15  B.H.P.  single  cylinder,  and  20  to  30 
B.H.P.  with  two  cylinders.  All  the  valves  are  positively  worked  from 
a  valve  shaft  running  horizontally  across  the  engine  below  the  cylinder. 
The  exhaust,  air  inlet,  and  gas  admission  valves  are  driven  by  cams  and 
rods  from  this  shaft.  The  air  valve  is  opened  before  the  gas  valve,  and 
the  pure  air  first  entering  across  the  cylinder  head  is  said  to  cleanse  the 
cylinder  of  the  products  of  combustion.  Ignition  is  by  hot  tube  with- 
out a  timing  valve,  the  governor  acts  upon  the  gas,  and  regulates  the 
supply  according  to  the  demand. 

The  Baoine  is  a  small  horizontal  four-cycle  engine  for  gas  or 
gasoline,  made  from  2  to  4  B.H.P.  Ignition  is  by  hot  tube  or  elec- 
tricity. The  exhaust  valve  is  driven  by  a  cam  and  rod  from  the  reducing 
gear,  and  the  governor  acts  on  a  controlling  disc,  and  slips  it  on  to  or 
off  the  exhaust  cam  as  required.  The  oil  pump  is  driven  from  a  small 
side  shaft  in  the  usual  way.  A  little  air  is  drawn  through  a  jacket 
surrounding  the  exhaust  gases,  and  conveyed  to  the  mixing  chamber, 
where  it  meets  and  volatilises  the  gasoline.  More  air  is  then  drawn  in 
near  the  admission  valve,  to  render  the  charge  inflammable. 

The  Climax  is  a  four-cycle  gas  engine,  made  horizontal,  in  sizes  from 
1^  to  100  B.H.P.,  and  having  the  exhaust  and  admission  valves  driven 
from  a  cam  shaft  geared  to  the  crank  shaft.  The  governor  on  the  same 
shaft  acts  upon  the  gas  valve,  and  closes  it  wholly  or  partially,  according 
to  the  speed.  Ignition  is  by  hot  tube.  The  end  of  the  cylinder  farthest 
from  the  crank  is  spherical,  and  has  a  water  jacket. 

The  Wing  is  a  four-cycle  gas  or  gasoline  engine,  made  with  one  or 
two  cylinders,  and  chiefly  intended  for  marine  work  or  road  carriages. 
Admission  and  exhaust  are  by  cams  on  a  valve  shaft.  The  oil  is  in- 
jected through  a  nozzle  into  the  vaporiser,  the  valve  being  worked  by 
the  admission  rod.  Ignition  is  electric.  The  engine  is  made  in  sizes 
from  2  to  6  H.P.  single,  and  4  to  12  H.P.  double  cylinder.  A  2^ 
B.H.P.  engine,  running  at  500  revolutions  per  minute,  will  drive  a 
small  boat  at  a  speed  of  8  or  9  miles  an  hour. 
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The  patents  of  several  important  English  and  foreign  engines  hare 
been  acquired  by  American  firms ;  mention  of  them  will  be  found  under 
the  heads  of  the  different  motors.  Among  these  the  Koerting  engine 
seems  much  in  fiivour,  and  the  American  lioencees,  the  De  La  Yergne 
Refrigerating  Machine  Co.,  are  said  to  be  the  largest  gas  engine  makers 
in  the  world.  The.  Snow  Steam  Pump  Works,  Buffalo,  are  also  among 
the  builders  of  the  largest  engines.  Drawings  and  a  description  of  a 
4,000  H.P.  gas  engine  plant  constructed  by  them,  will  be  found  in 
Mr.  H.  A.  Humphrey's  paper,  ^*  Recent  Progress  in  Large  Gas  Engines,'' 
pp.  18,  22. 
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CHAPTER  XXII. 
FRENCH  AND  SWISS  OIL  ENGINES. 

GoNTENTS. — Light  Oils  in  French  Engines — Lenoir — Simplex — S^nrit^ — Tenting— 
Dorand  —  Forest  —  Niel  —  Merlin  —  Quentin  —  Robuste  —  Brouhot  —  Roger — 
" Gnome"  —  Delahaye  —  Duplex  —  Swiss  Oil  Engines  —  Martini  —  Bossard — 
Schweizerische  Maschinen-Fabrik — Schmid — Escher,  Wyss  &  Cie. 

FoBBiGN  oil  engines  may  be  divided  into  motors  driven  by  ordinary 
heavy  petroleum,  of  0*80  specific  gravity  and  upwards,  and  those  using 
volatile  oil  spirit  or  benzine,  of  0*65  to  0*71  specific  gravity,  or  alcohol. 
Such  a  classification  hardly  exists  in  England,  where  the  use  of  the 
lighter  oils  is  almost  exclusively  confined  to  motor  cars  (which  are  not 
treated  of  in  this  book^,  and  small  marine  engines.  Benzine  of  0*71 
specific  gravity  consists  roughly  of  86  per  cent.  carlx>n  and  14  per  cent, 
bydrogen,  and  requires  to  burn  it  3*41  times  its  weight  of  oxygen,  or 
14*83  times  its  weight  of  air  at  68**  F.  Its  approximate  heating  value 
is  about  18,500  B.T.U.  per  lb.  The  storage  of  benzine  is  restricted 
by  law  in  England ;  in  Germany  it  pays  no  duty,  while  in  France  it  is 
hardly  more  expensive  than  ordinary  oil  On  this  point  M.  Durand 
remarks  *Hhat  the  use  of  heavy  petroleum  complicates  the  working  of  an 
engine  by  adding  a  vaporiser."  Heavy  oil  cannot,  he  says,  be  completely 
evaporated,  but  must  always  leave  an  incombustible  residuum,  causing 
waste  and  clogging  the  parts.  He  thinks  it  ''a  mistake  to  attempt  to 
distil  the  oil  in  the  engine  itself,  when  mineral  essence,  already  distilled, 
can  be  obtained.  By  the  use  of  heavy  petroleum  one  of  the  principal 
advantages  of  internal  combustion  motors,  that  they  can  be  started  at 
once,  is  also  lost,  since  from  ten  to  twenty  minutes  are  required  to  heat 
the  vaporiser.''  Only  a  carburator  of  the  simplest  description  is  required 
with  engines  driven  with  benzine,  alcohol,  or  '^  petrol,"  instead  of  a  vapor- 
iser, the  heat  of  which  must  be  always  carefully  regulated. 

Oil  engines  are  not  much  used  in  France,  on  account  of  the  high  price 
of  ordinary  heavy  petroleum,  but  French  engineers  have  been  the  pioneers 
in  the  construction  of  small  engines  driven  with  ^'petrol"  or  benzine,  for 
road  carriages.  In  this  branch  of  engineering  science  they  stand  with- 
out a  rivaL  Although  most  of  these  little  motors,  as  the  Daimler,  Benz, 
dbc.,  were  originally  of  German  invention,  their  adaptation  for  road  loco- 
motion is  almost  exclusively  due  to  French  ingenuity  and  skill.     The  oil 

engines  described   in  this  chapter  do  not  therefore  wholly  represent 
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French  prograes  during  the  past  fire  or  six  years,  since  this  is  to  be 
■ought  for  rather  in  the  small  engines — marvels  of  complicated  details— 
which  are  now  turned  out  by  thousands  from  so  many  French  workshops. 
Lenoir. — To  this  motor  a  carburator  has  been  added,  in  which  light 
oil  of  0-66  specific  gravity  is  used.  A  riew  is  given  at  Fig.  143,  the 
action  being  the  same  as  in  the  Lenoir  gas  motor.  The  position  of  the 
carburator  above  the  cylinder  is  near  enongh  for  the  heat  of  the  engine 
to  keep  the  oil  in  a  proper  fluid  condition,  and  counteract  the  cold  of 
evaporation,  but  not  near  enough  to  convert  the  oil  into  vapour.  Heuce 
the  use  of  lighter  petroleum,  which  can  be  evaporated  without  mnch 
heat.     The  cylindrical  carburator,  at  the  top  of  the  figure,  is  attached  to 


Fig.  143.— Lenoir  Petroleum  Engine. 

the  engine,  and  a  very  slow  rotatory  movement  is  transmitted  to  it,  as 
shown,  by  a  small  strap  and  worm  wheel,  runaiDg  at  i  revolntions  per 
minute. 

Lenoir  at  first  divided  the  carburator  or  rotating  cylinder  into  com- 
partments filled  with  sponge  or  other  porous  substance.  In  the  Uter 
type,  a  number  of  small  semi-ciroular  troughs  are  set  round  the  inner  cir> 
cumference  of  the  cylinder.  The  bottom  is  half  filled  with  gasoline,  and 
as  the|cylinder  rotates,  the  troughs  pass  successively  through  the  oil,  and 
are  filled.  Baised  by  the  continued  movement  of  the  carburator,  each 
in  turn  is  emptied  of  its  contents,  which  foil  in  a  fine  rain  back  into 
the  oil  below.     The  carburetted   air   is   then   conveyed   to   the  motor 
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cylinder  tfarongh  a  pasB^e  or  bulb,  in  which  metallic  wires  are  fixed, 
to  prereut  tbe  flame  from  ahootiDg  back  intotbe  carburator, 

A  eeries  of  ezperimenta  were  made  b;  M.  TrescB  on  a  2  H.F.  and  a 
4  H.P.  engine  working  with  carburetted  air;  the  density  of  the  oil  used 
was  0-65.  Tbe  motor  is  made  by  Bouart 
Frferes,  single  cylinder,  in  sizes  from  1 
H.F.  upwards,  and  for  portable  motors 
and  boats,  with  two  cylinders,  one  above 
the  other.  Fig.  lU  shows  an  indicator 
diagram. 

Slmpldz, — The  original  Simplex  gas 
engine  of  UM.  Delamare-Debonttevitle 
and  Malandin,  described  at  p.  129,  was         Pig-  144.— Lenoir  Petroleum 
supplemented  by  a  carburator  shown  at  indicfto  wTgram. 

Fig.  145.     Here  B  is  tbe  tank,  usually 

open  at  the  top  to  tbe  atmosphere,  D  the  valve  for  admitting  it  into 
column  £;  B  is  a  spiral  horse-hair  brush,  which jbreaks  the  oil  falling 
on  to  it  into  spray ;  at  0  is  the  casing 
round  tbe  column,  heated  by  the  hot 
water  from  the  motor  cylinder  jacket. 
This  water  leaves  the  jacket  at  a  tem- 
perature of  60°  to  70°  C.  and  falls  to 
40*  or  50°  C.  by  the  time  it  reaches  the 
carburator,  where  it  helps  to  counteract 

the  cold  produced  by  evaporation.     F  is  " 

the  small  cock  from  which  water  falls, 
mingles  with  the  narrow  stream  of  oil 
entering  through  D  from  B,  and  the 
two  filter  through  the  spiral  brush  into 
the  vessel  L  below,  to  which  they  are 
admitted  through  the  valve  V.  The 
suction  stroke  of  the  piston  draws  air 
from  the  top  of  the  carburator  through 
tbe  column  C,  where  it  is  charged  witb 
petroleum  vapour,  and  carried  off  from 
the  vessel  L  through  the  pipe  S  to  the 
motor  cylinder.    A  safety  valve  hinders 

tbe  flame  produced  by  the  explosion  of        „.     ,,,     „.     ,     „    , 

■^  ■'  '  Fig.  145.  —Simplex  Carbnrator. 

the  charge  from  shooting  back  into  tbe 

carburator.     The  hot  water  prevents  clogging  of  the  valves  by  the  oil 
deposit. 

An  engine  called  the  "  English  Simplex "  has  been  brought  out  by 
G.  Davies  of  Abergavenny,  but  does  not  seem  to  have  come  to  tbe  front. 
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It  is  of  the  ordinary  four-^^ycle  type,  with  a  vaporiser,  and  bears  no 
resemblance  to  the  original  Simplex  in  its  working  method. 

S^oiirit^. — A  horizontal  petroleum  engine  patented  by  MM. 
Diederichs,  and  known  as  the  *'  S^curit^/'  appeared  at  the  Paris  Exhibi- 
tion of  1889.  It  was  rather  complicated,  but  self-contained,  requiring 
no  external  connections  of  any  kind.  The  oil  used  was  preferably  heavy 
mineral  oil,  distilled .  from  bituminous  schist,  of  0'82  to  0*85  specific 
gravity ;  a  lighter  petroleum  spirit  was  required  to  start  the  engine,  and 
for  the  ignition.  The  auxiliary  shaft  driven  in  the  ordinary  way  from 
the  crank  shaft  worked  the  ignition,  admission,  and  exhaust  valves  by 
two  cams  and  crank  levers.  The  admission  of  oil  to  the  vaporiser,  a  coil 
of  pipes  heated  by  the  exhaust  gases,  was  regulated  by  the  governor,  and 
the  vaporised  oil  at  high  pressure  issued  out  through  a  nozzle,  carrying 
with  it  a  current  of  air.  The  light  oil  for  the  lamp  was  forced  drop  by 
drop  by  an  air  pump  into  another  current  of  compressed  air,  and  further 
heated  by  passing  through  a  second  small  coil  of  pipes.  The  burner 
consisted  of  a  small  platinum  capsule  maintained  at  a  red  heat  by  the 
flame.  This  engine  is  now  made  vertical,  with  a  vaporiser  of  the  Daimler 
type,  for  motor  cars. 

To  the  original  Tenting  engine  a  carburator  of  the  simplest  descrip- 
tion has  been  added.  It  is  a  cylindrical  vertical  reservoir  in  three  parts, 
the  volatile  hydrocarbons  are  stored  in  the  upper,  and  thence  pass  to 
the  second  chamber.  The  products  of  combustion  from  the  cylinder  are 
led  through  the  lowest  division,  warm  the  carburator,  and  counteract  the 
cold  produced  by  the  evaporation  of  the  hydrocarbon  liquid.  The  Tent- 
ing carburator  is  a  good  example  of  the  method  of  carburetting  air  by 
bringing  it  in  contact  with  light  hydrocarbon,  without  the  application  of 
much  heat.  The  air,  drawn  in  by  the  out-stroke  of  the  piston,  enters  on 
one  side,  and  is  carried  off  from  the  other  to  the  cylinder,  charged  with 
the  volatile  petroleum  essence.  This  engine  has  been  adapted  for  port- 
able work,  and  for  road  carriages  and  boats;  it  is  now  used  almost 
entirely  for  motor  cars.  The  charge  can  be  fired  either  by  electricity 
or  hot  tube,  and  for  so  small  a  motor  no  water  jacket  is  required,  the 
cylinder  being  ribbed  externally. 

A  similar  engine  was  the  Durand  (1889),  in  which  only  the  light 
volatile  constituents  of  the  oil  were  used,  the  heavier  hydrocarbons  being 
allowed  to  accumulate  at  the  bottom  of  the  carburator,  withdrawn  and 
wasted.  The  carburator  was  fixed  above  the  cylinder,  the  heat  from 
which  counteracted  the  cold  produced  by  evaporation.  Air  was  drawn 
through  it  automatically  by  the  suction  of  the  piston,  and  as  the  level 
of  oil  was  kept  constant  by  a  weighted  float,  the  air  always  passed 
through  the  same  quantity,  and  the  quality  of  the  charge  admitted  to 
the  cylinder  did  not  vary.    This  little  engine  appears  to  be  no  longer  made. 
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Porest. — ^M.  Forest,  of  Paris,  in  conjunction  with  M.  Gallice,  has  pro- 
<iuced  several  marine  engines  working  with  petroleum,  which  attracted 
the  attention  of  the  French  Government.  He  claims  to  be  the  first  to 
work  an  oil  engine  with  four  cylinders.  A  30  H.P.  engine  with  six 
cylinders,  bought  by  the  French  Admiralty,  was  tested  at  Brest  in  1890. 
In  this  engine  a  carburator  on  the  Pi6plu  system  is  used,  with  light  oil 
of  0*70  density.  The  surface  of  the  petroleum  is  agitated  by  a  rot-ating 
-cylindrical  brush.  The  air  is  drawn  in  by  suction,  and  the  petroleum 
being  sprayed  into  it  by  the  brush,  it  becomes  charged  with  the  evapo- 
rated liquid.  These  marine  Forest  motors  are  reversible,  rapidly  started, 
And  the  direction  of  the  engine  can  be  instantly  changed.  They  have 
two  or  more  vertical  cylinders  working  downwards  on  the  crank  shaft. 
A  distributing  shaft,  with  a  double  set  of  cams  driving  the  ignition  and 
exhaust  valves,  runs  above  the  cylinders,  and  by  slightly  shifting  the 
position  of  the  cams  to  the  right  or  left,  one  or  the  other  set  can  be 
brought  into  play.  The  charge  is  fired  electrically.  Drawings  of  this 
ingenious  motor  will  be  found  in  Witz.  It  is  now  made  from  4  to  200 
H.P.  with  four  cylinders,  chiefly  for  use  in  motor  cars,  and  the  consump- 
tion is  said  to  be  about  1  lb.  oil  per  H.P.  hour. 

NieL^With  the  exception  of  the  vaporiser,  all  the  chief  parts  of  this 
petroleum  motor  are  similar  to  those  of  the  Niel  gas  engine.     There  are 
two  valves,  one  above  the  other,  for  the  admission  of  the  charge  to  the 
cylinder,  and  discharge  of  the  exhaust  gases ;  both  are  driven  by  cams 
and  levers  from  the  auxiliary  shaft.     Ignition  is  by  a  tube  without  a 
timing  valve.     As  it  is  the  end  of  the  ignition  tube  furthest  from  the 
cylinder  which  is  kept  red  hot  by  the  lamp,  the  charge  only  penetrates 
to  this  hottest  portion  at  the  moment  of  highest  compression — that  is, 
the  outer  dead  point — and  is  fired  in  the  usual  way.     The  oil  used  is 
ordinary  petroleum,  of  0*80  density,  and  flows  by  gravity  from  a  reser- 
voir above,  the  level  in  which  is  kept  constant  by  a  float.     From  hence 
it  passes  partly  to  the  vaporiser,  partly  to  feed  the  lamp  heating  it  and 
the  porcelain  ignition  tube.     The   lamp,  which  is   separate  from   the 
engine,  consists  of  a  small  jet  of  oil  vapour  issuing  from  the  orifice  of  a 
pipe,  which  is  always  kept  alight,  and  maintains  a  horseshoe  shaped  tube 
over  it  at  a  red  heat.    Above  is  the  vaporiser,  a  small  cylindrical  vessel 
with  an  outer  jacket  and  internally  ribbed  surfaces ;  the  oil  drops  into 
the  vaporiser  from  a  hopper,  the  quantity  entering  at  a  time  being 
regulated  by  a  cock ;  it  is  about  one-tenth  of  a  gramme  per  H.P.  per 
stroke.     Before  starting,  a  little  spirit  is  ignited  in  a  shallow  vessel 
below  the  lamp,  and  heats  the  tube  and  vaporiser,  until  sufficient  vapour 
has  been  generated  to  make  the  lamp  ignite  spontaneously.     The  ex- 
haustion of  the  spirit  in  the  vessel  should  coincide  with  the  attainment 
^>f  a  red  heat  by  the  tube  and  vaporiser.     As  soon  as  the  lamp  is  started, 
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the  hot  gaaes  from  it  circulate  through  the  jacket  of  the  vaporiser,  and 
keep  it  at  a  high  temperature.     The  lamp  is  protected  by  a  shield. 

Air  enters  through  an  automatic  valve,  and  carries  the  oil  with  it 
into  the  vaporiser,  where  it  is  evaporated,  and  the  two  pass  to  the  valve 
chamber  and  cylinder  through  an  admission  valve.  The  valve  shaft  is 
driven  half  speed  from  the  crank  shaft.  The  flexible  three-armed 
governor  is  the  same  as  in  the  Niel  gas  engine.  It  is  worked  by  an 
eccentric  from  the  valve  shaft,  and  acts  upon  the  lever  opening  the 
exhaust,  which  is  connected  to  that  working  the  oil  admission  valve.  If 
the  normal  speed  is  exceeded,  the  exhaust  is  held  open,  and  the  same 
action  suspends  the  flow  of  oil.  Thus  the  admission  is  made  to  depend 
upon  the  opening  of  the  exhaust  valve. 

A  stationary  and  a  portable  Niel  engine  were  shown  at  the  Meaux 
trials,  in  which  the  consumption  of  oil  at  full  power  was  0*83  lb.  and 
1'6  lbs.  per  B.H.P.  hour  respectively.  Horizontal  engines  are  made  in 
sizes  from  3^  B.H.P.  upwards,  and  run  at  190  to  160  revolutions  per 
minute.  A  small  vertical  type  called  the  ''Atlas,"  lately  brought  out, 
is  made  from  3  to  6  B.H.P.,  with  a  speed  of  240  revolutions  per  minute, 
and  portable  engines,  both  horizontal  and  vertical,  are  also  constructed. 
Several  hundred  engines  have  been  sold,  and  there  is  a  considerable 
demand  for  them  in  France,  on  account  of  their  strength  and  durability. 

Merlin  (1894). — This  oil  engine  is  constructed  by  MM.  Merlin  et 
Oie.,  Yierzon,  Cher,  chiefly  for  agricultural  purposes.  Of  the  motors 
tested  at  Meaux  it  ranked  among  the  best,  both  on  account  of  the  low 
consumption  of  oil,  and  of  the  high  heat  efficiency,  as  will  be  seen  from 
the  Table  of  Tests. 

The  engine  somewhat  resembles  the  Grob  in  its  construction,  and 
method  of  vaporising  the  oil.  The  vertical  cylinder  is  above,  the  crank 
below,  and  between  them  is, a  valve  shaft  driven  by  wheels  2  to  1  from 
the  crank  shaft.  The  oil  used  is  ordinary  petroleum,  and  is  contained 
in  a  receiver  in  the  base,  from  whence  it  is  drawn  by  a  small  pump,  and 
sent  drop  by  drop,  as  required,  into  the  red-hot  vaporiser.  The  latter 
is  ribbed  internally  to  aflbrd  a  large  heating  surface,  and  kept  hot  by  a 
lamp  fed  from  a  second  small  reservoir  of  oil,  the  pressure  in  which  is 
maintained  by  an  air  pump.  The  oil  may  also  be  run  to  the  lamp  by 
gravity  from  a  receiver  above,  and  the  air  pump  dispensed  with.  The 
exhaust  valve  and  air  and  oil  pumps  are  worked  by  cams  and  levers  from 
the  valve  shaft.  The  oil  injected  into  the  vaporiser  by  the  pump  is  pul- 
verised by  the  air  entering  with  it  through  a  very  small  passage,  and 
instantly  evaporated  by  the  heat.  There  is  no  timing  valve,  the 
vaporiser,  which  also  acts  as  an  ignition  tube,  being  open  to  the 
cylinder.  A  larger  current  of  air,  admitted  through  an  automatic  valve 
lifted  by  the  vacuum  in  the  cylinder,  enters  from  above,  and  mixes  with 
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the  oil  Fapour  drawn  in  from  the  vaporiser  by  the  suction  stroke  of  the 
piston.  The  charge  is  compressed  by  the  next  in-stroke,  driven  into  the 
red-hot  vaporiser,  and  ignites  spontaneously.  The  governor  consists  of 
a  weight  and  spring  carried  on  the  flywheel.  If  the  normal  speed  is 
exceeded,  it  throws  the  whole  valve  shaft  out  of  gear,  the  exhaust  is 
held  open,  no  oil  passes  to  the  vaporiser,  and  no  vacuum  being  produced 
in  the  cylinder,  the  automatic  admission  of  air  is  suspended.  In  the 
engine  shown  at  Meaux,  the  water  sent  to  the  cooling  jackets  was  cir- 
culated by  means  of  a  pump.  As  the  action  of  the  latter  was  checked 
by  the  governor  if  the  normal  speed  was  exceeded,  the  cylinder  did  not, 
as  in  other  engines,  become  unduly  cooled,  and  the  heat  efficiency  was 
consequently  improved.  The  Merlin  engine  is  made  vertical  stationary, 
single  cylinder,  in  sizes  from  1  to  13^  B.H.P.,  and  runs  at  450  to  270 
revolutions  per  minute.  The  consumption  at  the  Meaux  trials  was  very 
low — viz.,  0*78  lb.  oil  per  B.H»P.  hour,  and  the  heat  efficiency  16*2  per 
cent.  Both  the  Niel  and  the  Merlin  discard  the  use  of  light,  inflam- 
mable oil. 

Quentin. — This  engine  made  by  MM.  Quentin,  at  Valenciennes,  for 
small  powers,  was  intended  principally  for  propelling  road  carriages,  and 
is  no  longer  used  for  other  purposes.  The  same  applies  to  the  Bobuste, 
built  by  M.  Levasseur  at  Evreux,  which  is  only  employed  for  road 
locomotion.  Both  were  from  the  first  driven  with  light  oil,  vaporised 
in  a  carburator.  In  the  vertical  engine  made  by  MM.  Millet  at 
Gray  in  Savoy,  and  now  no  longer  constructed,  heavy  petroleum  was 
used. 

Bronhot. — The  petroleum  engine  made  by  MM.  Brouhot,  of  Yierzon, 
is  similar  to  the  gas  engine  described  at  p.  152,  with  the  addition  of  an 
apparatus  for  evaporating  the  oil  This  consists  of  a  vaporiser,  a  large 
reservoir  above  it,  and  an  intermediate  receiver,  to  regulate  the  supply 
of  oil.  By  means  of  the  latter  vessel  the  level  of  liquid  in  the  vaporiser 
is  maintained  uniform,  and  the  air  always  charged  to  the  same  extent 
with  volatile  petroleum.  The  oil  is  pumped  to  the  top  of  the  vaporiser, 
and  falls  in  its  descent  through  a  perforated  screw ;  the  air  as  it  passes 
upwards  meets  it,  and  becomes  thoroughly  carburetted.  The  vaporiser 
consists  of  a  hollow  circular  chamber,  round  which  the  exhaust  gases 
are  led,  to  heat  it.  In  the  latest  types  a  minute  quantity  of  oil  passes 
from  the  receiver  into  a  small  cavity,  from  whence  a  current  of  air 
sweeps  it  to  the  vaporiser,  and  the  suction  of  the  motor  piston  draws 
the  charge  of  oil  and  air  into  the  cylinder.  Electric  ignition  is  used, 
and  in  other  respects  the  engine  does  not  vary  from  the  usual  four-cycle 
type.  It  is  sometimes  driven  with  schist  oil,  which  is  similar  to  Scotch 
shale  oil,  or  with  alcohol.  It  is  made  vertical  from  1  to  4  H.P.,  hori- 
zontal, with  one  cylinder  1  to  25  H.P.,  with  two  cylinders  up  to  30 
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H.P.     Ab  a  portable  engine  it  has  already  obtained  considerable  success. 
The  consumption  is  said  to  be  about  I  lb.  of  oil  per  H.P.  hour. 

Boger. — The  small  vertical  oil  engines  formerly  made  by  M.  Roger 
were  compact  and  very  simple.  The  petroleum  used  was  of  0*70  specific 
gravity,  and  was  evaporated  in  a  carburator  placed  at  the  side  of  the 
engine.  Ignition  was  by  a  hot  tube.  These  little  motors  were  especially 
intended  for  manufacturing  purposes  and  motor  carriages,  but  the  busi- 
ness has  now  been  taken  over  by  M.  Serpollet,  the  well-known  maker 
of  steam  carriages. 

The  '^  Gnome,"  made  by  S^guin,  of  Gennevilliers,  to  work  with 
petroleum,  is  of  the  German  type,  and  all  the  organs,  including  the 
crank  and  motor  shaft,  are  enclosed.  For  a  description  of  the  working 
method  see  Chapter  xxiii.  on  German  oil  engines.  The  French 
makers  build  the  engine  vertical  only,  in  sizes  from  1  to  22  B.H.P., 
with  a  speed  of  400  to  250  revolutions  per  minute.  It  has  been  adapted 
for  use  in  motor  cars,  with  one,  two,  or  four  cylinders,  in  sizes  from 
6^  to  45  H.P.,  and  runs  at  1,500  to  750  revolutions  per  minute.  It  is 
also  made  portable,  driven  with  alcohol  or  petroleum,  for  powers  from 
2  to  30  H.P. 

A  small  vertical  gas  engine,  which  has  been  adapted  for  use  with 
petroleum,  is  the  Delahaye,  made  by  Lacroix  <b  Cie.  at  Tours.  It  is 
for  small  powers,  and  intended  chiefly  for  agricultural  and  manufacturing 
purposes,  and  for  road  locomotion.  It  is  also  driven  with  alcohol,  and 
a  simple  type  of  carburator  is  used.  The  alcohol  is  admitted  into  a 
small  reservoir,  the  level  in  which  is  maintained  constant  by  a  float, 
and  passes  thence  into  a  larger  receiver  carrying  a  central  vertical  tube. 
Air  is  drawn  down  by  suction  through  the  tube,  passes  up  through  the 
alcohol,  with  which  it  is  thus  impregnated,  and  the  two  are  led  through 
a  perforated  metal  plate  to  the  admission  slide  valve,  where  they  are 
mixed  with  a  further  supply  of  pure  air,  to  form  the  explosive  charge. 
The  position  of  the  slide  valve  regulates  the  proportions  of  air  and 
alcoholic  vapour,  and  the  amount  of  the  charge  passing  to  the  cylinder 
is  controlled  by  a  throttle  valve. 

Duplex. — This  engine,  described  at  p.  153,  is  also  worked  with 
petroleum,  alcohol,  or  light  "petrol/'  and  appears  to  have  come  much 
to  the  front,  as  an  oil  motor,  of  late  years.  Oil  from  a  reservoir  above 
the  engine  is  injected,  together  with  air  to  pulverise  it,  into  the 
vaporiser,  which  is  heated  by  a  lamp,  and  also  by  the  exhaust  gases. 
It  consists  of  two  concentric  chambers ;  the  inner  forms  the  vaporiser 
itself;  through  the  outer,  which  is  arranged  as  a  jacket  round  it,  the 
exhaust  gases  are  circulated,  before  passing  thence  to  a  receiver  and 
to  the  outer  air.  Ignition  is  by  hot  tube,  heated  by  the  same  lamp 
as  the  vaporiser ;    the  oil  for  the  lamp  is  drawn  from  the  reservoir 
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supplying  the  engine.  The  governor  regulates  the  speed  by  holding 
the  exhaust  valve  open,  and  throwing  the  admission  valve  out  of  gear. 
The  gases  of  combustion  are  drawn  back  into  the  cylinder,  and  the 
vaporiser  is  not  unduly  chilled  by  cutting  out  explosions. 

A  special  feature  of  this  engine  is  its  application  in  France  to  work 
fishing  trawlers,  in  place  of  steam.  On  a  large  fishing  boat,  the  Jean^ 
at  Boulogne  there  are  two  Duplex  oil  engines,  each  with  two  cylinders, 
one  of  40  H.P.  for  working  the  capstan,  and  one  of  200  H.P.  to  supple- 
ment the  sailing  power,  and  ensure  a  quick  return  to  port  after  the 
fish  is  caught.  The  smaller  engine  is  also  used  for  hauling  the  nets. 
The  engines  are  driven  by  heavy  petroleum,  pumped  direct  from  oil 
trucks  run  on  to  the  quay  at  Boulogne  into  tanks  on  board  the  vessel. 
The  larger  engine  is  started  by  compressed  air,  pumped  at  a  pressure 
of  170  lbs.  per  square  inch  by  the  smaller  engine  into  .a  receiver.  The 
motor  itself  runs  at  a  uniform  speed  of  300  revolutions  per  minute,  it 
is  its  action  upon  the  screw  which  is  varied.  If  more  power  for  pro- 
pelling the  boat  is  required,  the  two  engines  can  be  coupled.  Oil 
engines  are  said  to  be  greatly  superior  to  steam  on  these  small  fishing 
boats,  where  the  work  is  intermittent,  and  large  demands  are  often 
suddenly  made  on  the  engines.  They  have  been  much  used  in  Den- 
mark, and  more  than  500  Danish  boats,  from  3  to  50  tons  burden,  are 
said  to  be  now  driven  with  oil.  They  are  also  employed  in  America  for 
mackerel  fishing.  In  this  industry  the  advantages  of  oil  engines  in 
ease  and  rapidity  in  starting,  and  simplicity  in  working,  greatly  out- 
weigh those  of  steam  engines,  only  two  men  being  required  to  work 
a  boat  of  136  tons  burden.  The  Jean  has  a  speed  of  8  knots  an 
hour,  and  the  consumption  of  oil  is  said  to  be  about  0*7  lb.  per  B.H.P. 
hour. 

The  Duplex  engines  for  petroleum  or  alcohol  are  also  made  port- 
able, in  sizes  from  1^  to  50  H.P.  horizontal,  with  a  speed  of  280  to 
180  revolutions  per  minute,  vertical  from  2  to  8  H.P.,  running  at  400  to 
300  revolutions ;  when  worked  with  petroleum  essence  they  develop 
from  1  to  7  H.P.  About  180  motors  have  been  made  for  France  and 
Africa,  chiefly  for  industrial  and  agricultural  purposes. 

Several  smaller  French  oil  engines,  as  the  Crouan,  Urgent,  Noel, 
Japy,  Jm^,  described  in  former  editions,  have  now  dropped  out  of  notice, 
or  are  only  made  for  motor  car  propulsion.  Belgian  makers  of  oil 
-engines  are  J.  Qilain  at  Tirlemont,  and  MM.  Longdoz  at  Li^ge. 

Swiss  Oil  Engines. — Not  many  oil  motors  are  made  in  Switzer- 
land, but  a  considerable  impetus  was  given  to  their  manufacture  by 
the  Geneva  Exhibition  of  1896.  MM.  Martini,  of  Frauenfeld,  still 
make  horizontal  single-cylinder  four-cycle  engines,  for  use  either  with 
petroleum  essence  or  ordinary  oil.     This  firm  exhibited  a  30  H.P.  and 
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a  2  H.P.  oil  motor  at  Geneva,  but  of  late  years  they  have  not  constructed 
maay. 

A  small  four-cycle  oil  engine  with  electric  ignition  is  made  by 
Bossard,  of  Geneva,  two  types  of  which  were  shown  at  the  Exhibition 
of  1896.  The  oil  and  admission  valves  are  automatic,  and  the  exhaust 
is  opened  by  an  eccentric  on  the  crank  shaft.  By  an  arrangement  of 
rods  and  levers  a  tappet  on  the  rod  of  the  eccentric  misses  the  valve  at 
every  other  revolution,  apd  the  exhaust  remains  closed.  The  speed  ia 
regulated  by  a  centrifugal  governor,  driven  from  the  crank  shaft,  which 
holds  the  exhaust  valve  open  till  the  speed  has  fallen.  The  vaporiser 
is  placed  between  the  oil  and  admission  valves.  The  spindle  of  the 
little  oil  valve  carries  a  disc,  over  which  the  oil  falls  in  a  thin  veil,  and 
the  current  of  air  pulverises  it,  and  forces  up  the  valve  with  great 
regularity.  The  ignition  tube  and  vaporiser  are  heated  by  an  external 
lamp,  and  there  is  no  timing  valve.  The  engine  is  made  horizontal  and 
vertical,  in  sizes  from  1  to  18  H.P.,  with  a  speed  of  350  to  190  revolu- 
tions per  minute ;  about  seventy  are  in  use,  chiefly  in  Switzerland. 
These  little  motors  are  worked  with  benzine  or  light  petroleum ;  a  few 
have  been  driven  with  lighting  gas. 

Two  small  oil  engines  made  by  Henriod  Sohweizer  and  Baohtold 
were  shown  at  Geneva  in  1896,  but  do  not  seem  to  have  maintained 
their  place  in  the  market.  In  the  former  the  red-hot  compression 
space  at  the  end  of  the  cylinder,  forming  the  vaporiser,  was  ribbed  to 
retain  the  heat.  The  oil  entered  a  small  space  above  the  valve,  the 
size  of  which  could  be  varied  accoixling  to  the  quantity  of  oil  required. 
As  the  valve  was  drawn  down  by  the  vacuum  in  the  cylinder,  the  oil 
in  falling  was  thinly  spread  out  over  the  conical  seat  of  the  valve^ 
pulverised  by  the  current  of  air,  and  carried  on  to  the  compression 
space.  In  the  Bachtold  the  method  of  vaporising  the  oil  was  the 
same.  The  exhaust  valve  remained  open  during  part  of  the 
admission  stroke,  and  some  of  the  products  were  drawn  back  into  the 
cylinder,  together  with  a  small  quantity  of  air,  through  an  automatic 
valve  in  the  exhaust  passage.  By  this  means  a  rich  mixture  was  said 
to  be  always  round  the  admission  and  hot  tube,  and  a  poor  mixture 
close  to  the  exhaust. 

The  Sohwelzerische  Masohinen-Fabrik,  Winterthur,  make  a  well- 
designed  and  carefully-constructed  engine  to  work  with  ordinary  petro- 
leum of  0*79  to  0*83  specific  gravity,  several  types  of  which  were 
exhibited  at  Geneva.  In  the  portable  motor  there  is  no  oil  pump.  The 
petroleum  runs  by  gravity  from  a  receiver  above,  part  going  to  the  lamp, 
and  part  being  carried  on  in  a  liquid  state  to  the  vaporiser  by  the  inrush 
of  air  ;  the  quantity  admitted  per  stroke  is  about  -^  gramme  per  H.P. 
There  are  two  cams  on  the  valve  shaft  for  admission  and  exhaust,  th& 
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admission  is  connected  by  levers  to  the  oil  valve,  and  both  work  together. 
The  governor  acts  upon  the  exhaust,  and  holds  the  valve  open  to  reduce 
the  speed,  and  at  the  same  time  checks  the  admission  valve.  In  the 
horizontal  type  the  oil  and  admission  valves  on  the  opposite  side  of  the 
cylinder  to  the  valve  shaft  are  worked  by  the  same  cam  and  lever.  The 
rotary  ball  governor  acts  upon  a  graduated  cam,  and  varies  the  richness 
of  the  charge  in  inverse  ratio  to  the  speed.  About  9  gallons  of  cooling 
water  per  H.F.  hour  are  required ;  the  water  can  be  used  continuously,^ 
and  is  cooled  in  a  ribbed  refrigerator.  These  engines  may  be  worked 
with  either  benzine  or  ordinary  petroleum  ;  in  the  former  case  ignition 
is  by  electricity,  with  a  hot  tube  in  reserve.  They  are  built  vertical 
from  2^  to  7  H.P.,  horizontal  from  2  to  40  H.P.,  and  run  at  a  speed  of 
250  to  170  revolutions  per  minute.  In  the  smaller  sizes  there  is  no 
timing  valve.  This  noted  firm  make  a  large  number  of  oil  engines  every 
year,  several  of  which  the  author  saw  at  work.  They  run  well,  are 
carefully  built  and  fitted,  and  are  especially  useful  as  a  reserve,  to  supple- 
ment water  power,  which  is  much  used  in  Switzerland. 

In  the  little  vertical  oil  engine,  made  by  Schmidt,  of  Zurich,  the  oil 
and  air  are  vaporised  in  the  usual  way,  but  special  care  is  taken  to  pre- 
vent unvaporised  oil  from  passing  to  the  cylinder.  It  flows  by  gravity 
from  a  receiver  above,  and  is  sent  on  by  a  little  pump  with  adjustable 
screw ;  a  throttle  valve  regulates  the  admission  of  air.  The  double  lever 
working  both  valve  and  pump  is  under  the  control  of  the  governor,  which 
checks  the  speed  by  not  opening  the  valve.  The  hot  tube  without  a 
timing  valve  is  heated  by  a  lamp. 

MM.  Esoher,  Wyss  &  Co.,  of  Zurich  and  Ravensburg,  are  also- 
makers  of  engines  driven  with  ordinary  petroleum.  By  the  suction  of 
the  piston  the  oil  in  these  motors  is  drawn  under  pressure  from  a  reser- 
voir in  the  base,  through  an  automatic  valve  and  a  nozzle,  into  the 
vaporiser,  together  with  a  current  of  air  from  a  vessel  surrounding  the 
exhaust.  It  then  passes  to  the  ignition  channel,  where  it  is  mixed  with 
more  air  admitted  through  a  valve,  driven,  like  the  exhaust  and  ignition 
valves,  by  cams  from  a  side  shaft,  at  half  the  speed  of  the  crank  shaft. 
At  the  end  of  the  compression  stroke  the  charge  is  fired  by  a  hot  tube. 
The  ball  governor,  placed  above  the  side  shaft,  holds  the  exhaust  valve 
open  and  the  admission  closed,  if  the  normal  speed  be  exceeded.  The 
vaporiser  and  ignition  tube  are  both  heated  by  the  same  lamp.  The 
engine  is  made  from  4  to  60  H.P.,  and  runs  at  360  to  190  revolutions 
per  minute.  In  a  small  vertical  type,  the  ''Meteor,"  the  vaporiser  is 
at  the  side  of  the  cylinder,  and  the  piston  works  downwards  on  to  the 
enclosed  crank.  This  little  engine  is  made  in  sizes  from  1  to  12  H.P.,. 
with  a  speed  of  370  to  330  revolutions  per  minute. 


CHAPTER  XXIII. 
GERMAN  OIL  ENGINES. 

CoumTS. —  Daimler — Adam — Altnuuin  (Marienfeld) — Koeiting — Langenuepen— 
Kappel  —  Bielsfelder  Maschinen-Fabrik  —  Gnome  (ObemrBel)  —  Denti'Otto  — 
Alcohol  Engines — TriaU  —  Benz — Capitaine — Swideraki  (Capitaine) — Binki  — 
Triala—DieBel— Latest  Types— TrialB  —  KjeUberg— Nobel— B©ohatein  —  l)roB- 
dener  Gas  MotoreO'Fabrik — LOtzky — Buda-Pesth  Masohinen-Pabrik— Dopp — 
Russian  Engines — P^trteno  Vaporiser. 

Gerhan  oil  engines  haye  a  wider  range  in  the  quality  and  density  of 
their  working  agent  than  English  motors,  and  are  perhaps  applied  in 


Fig  146.— Herr  Daimler, 
more  directions.  The  advantages  of  using  light  oils  are  realised  by  most 
makers,  especially  by  the  builders  of  email  engines,  and  alcohol  is  also 
very  generally  employed.  As  it  is  a  native  agricultural  product  in 
France  and  Germany,  it  is  both  cheap  and  easily  procured  everywhere, 
conditions  which  of  course  do  not  obtain  in  England.  Both  alcohol  and 
benzine  have  the  further  advantage  that  they  will  bear  higher  compres- 
sion than  ordinary  petroleum,  without  the  danger  of  pre-ignition.     Hence 
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engines  thus  drireti  have  been  cftrefnlly  studied  from  a  theoretical  and 
practical  point  of  view  b;  several  eminent  German  scieatiBts,  notably 
Professor  Meyer.     For  his  tests  on  portable  alcohol  engines,  see  p.  492. 

Daimler. — This  important  little  motor  differs  in  some  respects  from 
the  gas  engine  of  the  same  name,  described  in  the  gas  engine  section.  It- 
has  two  single-acting  cylindera, 
set  vertically  or  at  a  slight 
angle,  and  working  upon  the 
same  crank  shaft,  but  the  pis- 
tons have  no  valves.  The  sides 
and  covers  of  the  cylinders  are 
cooled  by  water  jackets ;  but 
these  are  often  dispensed  with, 
and  the  cylinder  ribbed  exter- 
itally.  Fig.  117  shows  the  ar- 
rangement of  the  parts,  Fig. 
148  the  method  of  vaporising 
the  oil.  The  air,  previously 
warmed  by  the  exhaust  gases 
from  the  engine,  is  introduced 
in  the  direction  of  the  arrows 
into  the  cylindrical  upper  part 
of  the  receiver  A,  Fig.  148. 
This  is  divided  into  an  outer 
and  inner  portion  by  concentric 

wire  g.««,s,  ai  through  th.  j,.^  „,._D^.1„  Oil  Engi«»    1880. 

centre  passes  the  hotlowspindle 

of  a  needle  valve,  conveying  oil  from  the  reservoir  R  into  the  lower 
part  of  A;  the  oil  is  kept  at  a  conataat  level  by  a  float  B.  Upon  the 
top  of  this  float,  in  the  latest  arrangements,  reet  the  weighted  ends 
of  two  small  levers,  the  other  ends  of  which,  worked  by  two  fulcra, 
grip  a  collar  on  the  valve  spindle.  If  the  level  of  oil  in  the  receiver 
sinks,  the  float  falls,  drawing  down  with  it  the  weighted  ends  of  the 
levers ;  the  other  ends  being  forced  up  lift  the  valve  spindle,  and  more 
oil  is  admitted  from  below  to  adjust  the  level. 

The  hot  air  is  drawn  by  the  suction  of  the  piston  through  the  outer 
jacket  of  the  upper  cylindrical  portion  of  A,  and  forced  out  at  the 
bottom  through  the  oil  at  L,  its  direction  being  regulated  by  the  float. 
Thus  it  always  passes  through  a  layer  of  uniform  thickness.  The  oil 
with  which  it  is  charged  impinges  against  the  plates  H  and  F,  and  is 
broken  up  ;  part  falls  back  into  the  reservoir  below,  and  part  is  carried 
up  with  the  onrrent  of  air.  The  force  of  the  air  blast  produced  by  the 
vacuum  in  the  cylinder  being  always  the  same,  and  the  level  of  oil  con- 
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stant,  the  latter  is  said  to  be  completely  Taporised.     The  mixture  then 
passea  through  the  wire  gauze  to  the  admissioit  valve  H,  where  more  air 


Fig.  148. — Daimler  Oil  Engine,     Vaporia^. 

ja  drawn  in — sufficient  to  make  the  charge  inflammable — and  thence  to 
the  motor  cylinder;  the  arrows  indicate  tlie  direction.     The  two  valves 
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for  admiaaion  and  exhaust  are  placed  one  above  the  other  in  the  same 
valve  chest,  and  the  lamp  between  them ;  thus  the  incoming  charge  is 
«till  farther  heated,  before  it  passes  to  the  cylinder  through  an  auto- 
matic lift  valve,  as  in  the  gas  motor.  The  back  stroke  of  the  piston 
•compresses  the  charge  in  the  usual  way. 

Ignition  is  effected  by  means  of  two  small  external  lamps  (L, 
Fig.  147),  one  for  each  cylinder.  These  lamps  are  fed  from  the 
reservoir  B,  the  valve  pock  p,  and  the  receiver  B ;  the  supply  of  oil  is 
regulated  by  the  valve  Y,  and  the  lamps  burn  with  a  clear  blue  flame. 
Within  them  are  small  nickel,  platinum,  or  cast-iron  rods,  kept  at  a 
white  heat,  which  fire  the  charge  in  either  cylinder  automatically, 
without  a  timing  valve,  at  the  end  of  the  compression  stroke.  Upon  the 
proper  burning  of  the  two  lamps  the  efficient  working  of  the  engine  in  a 
great  measure  depends.  The  Daimler  claims  to  be  one  of  the  first 
motors,  if  not  the  earliest,  in  which  automatic  ignition  was  introduced. 
The  arrangement  was  necessitated  by  the  high  speed  at  which  it  runs, 
a  speed  so  great  that  no  valve  gear  could  be  relied  on  to  give  punctual 
ignition.  Care  is  needed  in  the  Daimler,  Oapitaine,  and  other 
•engines  to  prevent  premature  ignition,  since  the  red-hot  vaporiser  is 
always  open  to  the  cylinder.  Special  attention  is  always  paid  to  the 
double  admission  of  air,  and  the  quantities  are  carefully  regulated. 

The  exhaust  valve  is  worked  from  the  crank  shaft  by  an  eccentric. 
The  governor  on  the  flywheel  regulates  the  speed  by  keeping  the 
exhaust  open  if  the  normal  number  of  revolutions  is  exceeded,  and, 
admission  being  automatic,  no  charge  can  enter.  The  engine  is  started 
by  means  of  a  hand  crank,  which  carries  a  wheel  gearing  into  another 
on  the  motor  shaft.  As  soon  as  the  engine  is  at  work,  its  speed  being 
greater  than  can  be  overtaken  by  the  hand  crank,  the  latter  slips  out  of 
gear. 

The  Daimler  motor  works  with  petroleum  of  0*68  specific  gravity  and 
upwards,  and  is  much  used  for  road  carriages,  boats,  fire  engines,  pumps, 
4fec.,  on  account  of  its  small  dimensions  and  low  consumption  of  oil.  It 
may  indeed  be  said  to  form  the  typical  engine  for  motor  car  work.  The 
original  type  with  two  cylinders  set  at  an  angle  is  used  chiefly  for  port- 
able and  boat  engines,  the  later  type  with  vertical  cylinders  for  stationary 
motors.  Except  for  road  locomotion,  the  latest  engines  have  only  one 
cylinder.  They  are  made  vertical  only,  in  sizes  from  ^  to  10  H.P., 
stationary,  and  run  at  540  to  250  revolutions  per  minute,  with  one  or 
two  cylinders.  For  boats  they  are  constructed  with  one,  two,  or  four 
cylinders,  with  a  maximum  speed  of  580  revolutions,  and  in  sizes  up  to 
25  H.P.  The  latest  engines  run  at  750  revolutions  per  minute  (see 
Chapter  on  Practical  Applications).     For  tests,  see  Table  at  end  of  book. 

Adam. — ^The  Adam  petroleum  engine  resembled  the  gas  motor  of  the 
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9aine  name,  with  the  addition  of  a  vaporiser,  but  is  now  no  longer  made. 
It  was  one  of  the  earlier  engines  to  use  benzine  as  the  motive  agent. 

Altmann  (Marienfeld). — This  engine,  formerly  made  by  Altmann, 
of  Berlin,  and  now  by  the  Marienfeld  Motoren-Fabrik,  is  compact, 
simple,  and  has  met  with  considerable  success  as  a  stationary  or  portable 
agricultural  motor.  It  is  now  principally  worked  with  light  petroleum 
or  alcohol  In  the  original  vertical  type  the  piston  worked  upwards  on 
to  the  crank.  Admission,  ignition,  and  exhaust  were  effected  from  a 
horizontal  auxiliary  shaft,  worked  from  the  main  shaft  by  two  sets  of 
conical  wheels.  The  petroleum  was  delivered  by  a  small  pump  with 
adjustable  stroke  to  the  vaporiser,  a  shallow  vessel  heated  by  a  spirit 
lamp,  into  the  flame  of  which  the  hot  ignition  tube  projected.  The 
vaporised  oil  then  passed  to  another  valve  chamber,  where  it  was  diluted 
with  air  before  entering  the  cylinder.  The  oil  pump  and  the  suction 
valve  admitting  the  oil  from  the  reservoir  were  worked  from  the  same 
lever,  by  a  roller  and  cam  on  the  auxiliary  shaft.  If  the  engine  ran  too 
fast,  the  cam  was  thrown  out  of  gear  by  the  ball  governor,  and  missed 
the  roller,  and  no  oil  entered  the  cylinder  until  the  speed  was  reduced. 
The  later  types  of  this  engine  are  made  horizontal. 

The  admission  is  immediately  above  the  exhaust  valve,  and  both  are 
worked  by  cams  and  levers  from  the  auxiliary  shaft,  from  which  the  little 
oil  pump  is  also  driven.     The  oil  flows  by  gravity  from  a  receiver  above, 
falls  over  the  cone  of  the  valve  in  a  thin  stream,  and  is  pulverised  and 
carried  on  into  the  admission  valve  by  a  current  of  air  entering  at  the 
side.     This  air  is  heated  by  the  exhaust  gases,  and  the  proportions  can  be 
varied  by  a  throttle  valve.     An  "oil  pocket"  below  receives  any  un- 
evaporated  oil.     On  reaching  the  admission  valve  chamber  the  direction 
of  the  oil  vapour  and  air  is  suddenly  changed,  and  as  the  chamber  is  not 
cooled,  the  heat  of  the  explosions  and  of  the  exhaust  gases  is  sufficient  to 
convert  the  oil  and  air  into  an  explosive  charge.     The  ignition  tube  is 
open  to  the  cylinder  without  a  timing  valve,  and  is  heated  by  a  flame  fed 
by  oil  from  a  receiver.     The  governor  acts  on  the  oil  and  admission 
valves,  regulates  the  time  of  opening,  and  prevents  the  cam  on  the  valve 
shaft  from  reaching  the  rod,  if  the  speed  is  too  great,  the  exhaust  mean- 
while working  as  usual.     A  novelty  in  the  portable  engine  exhibited  at  the 
Berlin  oil  motor  trials  was  that  the  compression  space  could  be  reduced  in 
size  at  starting,  and  expanded  to  its  full  dimensions  as  the  engine  became 
hot.     At  these  trials  this  was  the  most  economical  of  all  the  portable 
engines,  and  was  highly  commended,  the  consumption  being  only  0*83  lb. 
of  oil  per  B.H.P.  hour.     In  a  25  H.P.  double  cylinder  portable  engine, 
shown  at  the  Berlin  Exhibition  of  1896,  the  water  to  cool  the  cylinder 
was  not  circulated  as  usual,  but  was  fed  into  the  jacket,  where  it  re- 
mained till  it  had  wholly  evaporated  through  a  blow-off  cock  and  pipe. 
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In  tbii  class  of  engine  this  ftrr&ngement  hu  its  advaab^B,  and  is  said 
to  prodaoe  a  considerable  eoooomy  of  vater  (see  Table  9,  Nos.  29  and  34 
for  tests). 

The  engine  is  also  made  to  work  with  alcohol,  and  was  shown  at 
tlie  Berlin  trials,  in  1902  (see  p.  493),  where  it  obtained  a  first  prize. 
The  same  care  in  design  ia  showu  in  this  as  in  the  earlier  motors,  and 
special  attention  is  paid  to  the  speed,  and  the  temperature  of  the  air  for 
spraying  the  spirit.      The  itlcoliol  is  admitted  from  a  receiver  above 
through  a  small  T&Ire  connected  to  the  admission  valve,  and  injected  at 
right  angles  into  the  air  passage.     The  stroke  of  the  vapoar  valve  is 
regulated  bj  an  adjustable  screw.     The  air  is  drawn  in  through  a  pipe 
surrounded  by  the  hot  exhaust  gases,  while  a  throttle  valve  in  the  pipe 
determines   the   quantity   admitted    per   stroke,    and    thus   varies   the 
proportions  of  alcohol  and  air.      At  full  load  this  arrangement  causes 
the  engine  to  became   too  hot,  a  valve 
can  then  be  opened  to  admit  a  second 
supply  of  cold  air   iafco   the  admissiou 
passage.      Ignition  is  by  electricity,  and 
the  time  of  ignition  can  he  varied,  and 
made  to  precede  the  dead  point,  to  pre- 
vent the  engine  starting  backward.    The 
governor  act«    on    the    "  hit-and-miss " 
principle  on  the  exhaust  valve,  and  holds 
it  open  if  the  normal  speed  is  exceeded, 
thus  checking  the  rise  both  of  the  ad- 
mission and  of  the  oil  valve.     Like  all 
alcohol  engines,  the  Marienfeld  is  started 
with  l>en2ine. 

Eoerting, — In  this  engine  (see  Fig. 
149),  when  driven  by  ordinary  petroleum, 
the  oil  flows  by  gravity  from  a  receiver 
above,  the  air  is  drawn  in  at  the  side 
by  the  suction  of  the  motor  piston.    Both 

ue  .d,r,ittoi  thro»gh  ora  .uton.tic  „,.  ,„.^Ko.rlmg  Oil  E^.^ 
valve,  and  the   oil    is   then  sprayed  or 

pulverised  by  drawing  it  down  into  the  vaporiser  between  two  discs, 
at  the  same  time  as  the  air  current.  The  three  processes  of  admitting 
the  oil  and  air,  and  pulverising  the  former,  take  place  simultaneously, 
and  are  in  proportion  to  the  pressure  in  the  cylinder.  The  dimensions 
of  the  oil  valve  are  so  adjusted,  that  the  opening  uncovered  when  the 
rod  is  lifted  is  always  less  than  the  aperture,  and  thus  the  composition 
of  the  charge  is  maintained  uniform.  The  oil  and  air  then  pass  to  the 
vaporiser,  which  is  kept  at  a  red  heat  by  the  flame  heating  the  ignition 
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tube,  the  oil  is  evaporated,  and  the  mixture  admitted  to  the  cylinder. 
If  benzine  is  used  as  the  motive  power,  it  is  introduced  t<^ether  with 
the  air  through  one  automatic  double-seated  valve,  and  there  is  no 
vaporiser,  properly  so-called.  The  oil  passes  down  through  the  hollow 
valve-rod,  the  quantity  being  regulated  by  a  small  pin,  and  spreads  out 
over  the  conical  seat  of  the  valve.  The  air,  drawn  in  at  right  angles, 
breaks  up  the  thin  veil  of  petroleum,  and  the  mixture  passes  to  the 
cylinder  through  a  non-return  valve,  as  in  the  gas  engine.  The  ignition 
tube  has  no  timing  valve,  and  is  only  red  hot  at  its  further  end.  When 
the  compressed  mixture  in  the  cylinder  comes  in  contact  with  this 
red-hot  part  it  ignites,  and  a  perfect  explosion  is  said  to  be  obtained. 
Both  the  vaporiser  and  ignition  tube  are  heated  by  a  lamp,  so  arranged 
that  the  pipe  conveying  the  oil  to  it  is  carried  through  the  flame.  The 
exhaust  is  the  only  valve  driven  by  gearing.  The  speed  is  regulated 
by  a  momentum  governor  acting  on  a  knife  edge.  If  the  normal  speed 
is  exceeded,  the  governor  interposes  the  knife  below  the  lever  opening 
the  exhaust,  and  keeps  it  open.  Since  no  compression  can  take  place 
no  charge  is  admitted;  there  is  no  suction  stroke,  and  the  automatic 
admission  valve  does  not  rise. 

A  small  vertical  two-cycle  type  has  lately  been  introduced  for 
driving  motor  cars  and  for  marine  work.  It  has  no  valves,  the  piston 
itself  closes  and  uncovers  ports  in  the  cylinder  for  admission  and  exhaust. 
The  charge  is  fired  by  electricity.  The  working  method,  especially  the 
compression  of  air  into  the  crank  shaft  below  by  the  down  stroke  of  the 
piston,  somewhat  resembles  that  of  the  Day.  A  peculiarity  of  this  little 
Koerting  engine  is  that  the  number  of  revolutions  can,  it  is  said,  be 
varied  from  250  to  1,000. 

In  engines  driven  by  alcohol  the  spirit  flows  by  gravity  from  a 
small  receiver  above  to  the  vaporiser,  a  chamber  enclosing  the  double- 
seated  automatic  mixing  valve,  and  heated  by  the  exhaust  gases,  which 
are  carried  round  it.  In  some  types  the  temperature  of  the  charge 
is  further  raised  by  the  hot  gases  from  the  lamp  heating  the  igni- 
tion tube.  The  quantity  of  alcohol  passing  to  the  valve  is  regulated 
by  a  screw.  The  air,  to  which  a  spiral  motion  is  imparted  by  the 
shape  of  the  valve,  is  admitted  through  the  outer,  and  the  alcohol 
at  right  angles  to  it  through  the  inner  seat,  and  both  pass  to 
the  admission  valve,  the  vacuum  in  the  cylinder  determining  the 
proportions.  Governing  is  on  the  "hit-and-miss"  principle.  This 
engine  was  shown  at  the  Berlin  trials  of  portable  alcohol  engines  in 
1902. 

Large  Koerting  engines  are  governed  by  varying  the  quality  of  the 
charge.  For  petroleum,  benzine,  or  alcohol,  the  engine  is  made  from 
2  to  35  H.P.,  and  runs  at  320  to  160  revolutions  per  minute.     Several 
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motors  to  work  with  benzine  have  been  supplied  to  Baku  in  the  Caspian 
oil  district.     For  a  test  see  Table  9,  No.  69. 

Iiangensiepen. — A  petroleum  engine  constructed  by  Langensiepen, 
of  Magdeburg,  and  designed  by  Herr  y.  Lude,  has  been  tested  by 
Professor  Schottler.  It  is  a  horizontal  four-cycle  motor,  self  contained, 
with  hot-tube  ignition.  The  admission,  distribution,  and  exhaust  yalves 
and  oil  pump  are  worked  by  cams  and  leyers  from  the  auxiliary  shafts 
driyen  from  the  crank  shaft  by  spur  wheels.  The  ball  governor  upon 
the  crank  shaft,  inside  the  driying  pulley,  acts  by  cutting  out  the 
number  of  explosions.  The  oil  falls  by  gravity  from  a  petroleum 
tank  aboye  the  cylinder,  and  passes  through  the  suction  yalve  of  the 
oil  pump.  The  stroke  of  the  pump  is  always  the  same,  but  only  a 
oertain  quantity  of  oil  is  injected  into  the  hot  admission  passage,  while 
a  variable  portion  is  returned  to  the  reservoir.  The  oil  is  sprayed  into 
the  air,  broken  up  by  striking  against  the  seat  of  the  valve,  and  the 
two  pass  to  the  vaporiser,  a  bent  tube  of  large  diameter,  open  on  one 
side  to  the  cylifider,  on  the  other  to  the  ignition  tube  without  a  timing 
valve.  At  starting,  the  ignition  tube  and  vaporiser  are  heated  by  a 
lamp,  but  as  soon  as  the  engine  is  at  work,  the  lamp  is  drawn  back,  and 
only  heats  a  certain  part  of  the  ignition  tube.  In  the  6*7  I.H.P.  motor, 
tested  by  Professor  Schottler,  the  consumption  of  oil  was  1*1  lbs.  per 
B.H.P.  hour  (see  Test  No.  60,  Table  9).  In  the  portable  engines 
exhibited  at  the  earlier  Berlin  trials  the  .pressure  of  the  exhaust  gases 
was  utilised  to  draw  a  current  of  fresh  air  through  the  cooling  water 
tank.  The  engine  is  fully  illustrated  in  Zeitschrift  des  Vereines  deutacher 
Ingeniev/rer^  August  29,  1891,  and  June  12,  1897,  but  its  manufacture 
has  now  been  superseded. 

At  the  present  time  (1905),  the  Langensiepen  firm  make  engines  of 
the  usual  four-cycle  type,  to  work  with  ordinary  petroleum,  benzine, 
naphtha,  or  alcohol.  They  are  of  very  simple  construction,  only  the 
exhaust  valve  being  driven  by  gearing  j  the  air  and  oil  valves  are 
automatic.  The  centrifugal  governor  acts  on  the  hit-and-miss  system 
on  the  admission  valve,  and  holds  it  open,  if  the  normal  speed  is 
exceeded.  There  is  no  oil  pump,  but  the  air  drawn  in  regulates 
the  admission  of  oil,  and  ensures  that  only  the  proper  quantity 
per  stroke  shall  be  sent  on  to  the  vaporiser.  Thus  the  danger  of 
premature  ignition  is  avoided,  as  the  small  amount  of  oil  which 
reaches  the  cylinder  is  instantly  ignited.  The  consumption  is  said 
to  be  from  0*7  to  0*9  lb.  of  ordinary  petroleum  per  B.H.P.  hour. 
Ignition  is  by  hot  tube,  but  in  engines  driven  with  benzine  and 
alcohol  the  charge  is  fired  electrically.  Langensiepen  engines  to 
^m>rk  with  petroleum  are  made  vertical,  in  sizes  of  1  and  1^  H.P. ; 
Above  this  power,  for  the  various   kinds  of  oil  and  spirit,  horizontal 
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only  from  2  to  35  H.P.,  with  a  speed  of  300  to  200  revolutionB  per 
minuta 

The  Berliner  Masohinen-Bau  Gtosellsohaft  (Schwartzkopf)  were 
one  of  the  earliest  firms  to  bring  out  a  petroleum  engine  on  Kaselowsky's 
patent,  a  description  of  which  will  be  found  in  the  Third  Edition.  It  is 
now  no  longer  made. 

Kappel. — This  firm  makes  engines  to  work  either  with  petroleum  or 
light  benzine,  and  exhibited  an  oil  motor  at  Antwerp  in  1894.  The  oil 
in  this  engine  is  conveyed  from  a  receiver  by  means  of  a  small  air  pump, 
which  raises  the  pressure  in  the  receiver,  and  forces  the  oil  to  the  admis- 
sion valve,  and  to  feed  the  lamp  heating  the  vaporiser  and  ignition  tube. 
The  two  latter  are  enclosed  in  a  chamber  at  the  back  of  the  cylinder. 
The  exhaust  and  air  valves  and  petroleum  admission  valve  are  all  worked 
by  cams  from  the  valve  shaft.  Air  is  drawn  by  the  suction  of  the  piston 
through  a  chamber  filled  with  benzine,  with  which  it  becomes  charged  in 
the  shape  of  vapour.  The  ball  governor  acts  upon  the  cam  opening  the 
admission  valve,  and  shifts  it  according  to  the  load.  If  the  engine  is 
intended  for  electric  lighting  a  stepped  cam  is  used,  that  the  charge  may 
be  rich  enough  to  ignite  at  any  load.  Electric  ignition  is  employed  in 
the  benzine  engines,  because  of  its  greater  safety.  In  the  motor  shown 
at  Antwerp  the  oil  pump  carried  two  small  pistons  driven  to  and  fro  in  a 
slide  from  a  small  crank  on  the  valve  shaft.  One  piston  moved  with  the 
slide,  the  other  acted  only  during  part  of  the  strqke.  By  an  ingenious 
arrangement  the  pistons  drew  the  oil  into  the  little  pump  cylinder,  and 
pressed  it  out  between  them  into  the  pipe  leading  to  the  vaporiser.  The 
governor  acted  by  interposing  a  bar  between  these  pistons  if  the  normal 
speed  was  exceeded.  The  Kappel  engines  are  made  to  work  with 
ordinary  oil  or  benzine,  vertical  from  1  to  3  H.P.,  and  a  speed  of  350 
revolutions  per  minute ;  horizontal  from  1  to  25  H.P.,  making  220  to  180 
revolutions  per  minute. 

The  Bielefelder  Masohinen-Fabrik  (Durkopp)  have  shown  oil 
engines  at  several  exhibitions.  At  Berlin  in  1894  the  consumption  was 
1  lb.  per  B.H.P.  hour  (Test  No.  46,  Table  9)  ;  in  the  portable  engine  the 
water  in  the  jacket  was  circulated  by  a  small  centrifugal  pump.  The 
benzine  is  contained  under  pressure  in  a  receiver  below  the  horizontal 
cylinder,  and  supplies  the  engine,  the  lamp  for  the  hot  tube,  and  the 
burner  to  heat  the  vaporiser  at  starting.  The  pressure  is  maintained  by 
a  small  air  pump  driven  from  the  engine,  as  in  the  Priestman.  The  oil 
for  the  charge  passes  cold  through  a  sprayer  into  the  red-hot  vaporiser, 
where  it  is  evaporated,  the  air  being  carefully  excluded.  It  is  then 
mixed  with  air,  and  conveyed  to  the  cylinder,  the  quantity  passing  to  the 
vaporiser  being  regulated  by  a  ball  governor.  The  vaporiser  is  above  the 
exhaust  valve,  and  is  kept  hot  after  the  engine  is  started  by  the  gases  of 
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•combastion,  which  are  also  carried  downwards  before  they  leave  the 
engine,  to  heat  the  incoming  air.  The  makers  lay  stress  upon  the  fact  that 
the  light  oil  is  sprayed  while  cold,  no  air  being  allowed  to  reach  it  during 
the  process.  The  engine  requires  no  lubricant  except  at  starting,  in  all 
■other  respects  it  is  similar  to  the  Diirkopp  gas  engine. 

Seek  (Gnome). — This  vertical  oil  engine,  made  by  the  Motoren- 
Fabrik,  Oberursel,  and  exhibited  at  Berlin,  where  it  was  commended  for 
economy,  resembles  the  Oapitaine  in  several  respects,  and  especially  in 
the  method  of  vaporising  the  oil.  The  crank  and  motor  shaft  are  below, 
and,  with  the  valve  gear,  are  enclosed  in  a  chamber  partly  filled  with 
lubricating  oil,  into  which  the  connecting-rod  dips  at  each  stroke,  and 
scatters  it  over  the  working  parts.  The  cylinder  is  above,  the  piston  acts 
downwards,  and  the  air  enters  from  the  top  and  at  the  side,  in  both  cases 
through  automatic  valves.  The  exhaust  is  driven  from  the  crank  shaft 
by  an  eccentric,  on  the  circumference  of  which  is  a  worm  wheel  gearing 
into  another  of  twice  the  diameter ;  the  latter  carries  a  pin,  which  allows 
the  exhaust  valve  to  open  only  at  every  other  revolution.  There  is  no 
cam  shaft.  The  centrifugal  governor,  also  on  the  crank  shaft,  drives  a 
pulley  which,  if  the  normal  speed  be  exceeded,  causes  a  pawl  to  catch  in 
the  spindle  of  the  exhaust  valve,  and  holds  it  open  until  the  speed  is 
reduced.  A  pump  worked  from  the  engine  sends  the  oil  under  pressure 
•from  a  separate  receiver  into  a  small  vessel  above  the  cylinder.  From 
thence  it  is  drawn  through  an  injector  by  the  suction  stroke  of  the  piston, 
together  with  a  current  of  air  through  an  automatic  valve,  into  the 
vaporiser  at  the  side.  The  air  and  oil  vapour  then  pass  to  the  compres- 
sion space  of  the  cylinder,  where  the  charge  is  mixed  with  more  air 
through  another  automatic  valve.  The  compression  stroke  drives  it 
back  into  the  red-hot  ribbed  vaporiser,  and  causes  it  to  ignite,  as  in 
the  Homsby,  Capitaine,  and  other  engines.  A  lamp  is  used  to  heat 
the  vaporiser  and  hot  tube,  and  the  moment  of  ignition  is  determined 
by  shifting  the  lamp,  and  causing  it  to  play  on  any  part  of  the  tube. 
Electric  ignition  is  now,  however,  more  general.  Special  care  is  taken 
in  this  and  similar  motors  that  the  quantity  of  air  first  admitted  is  in- 
eufficient  for  combustion,  otherwise,  the  vaporiser  being  open  to  the 
cylinder,  premature  ignition  might  occur. 

This  motor  has  now  been  especially  adapted  for  use  with  alcohol,  and 
is  said  to  have  been  one  of  the  first  portable  engines  thus  worked.  It 
was  one  of  those  taking  part  in  the  trials  of  portable  engines  at  Berlin 
by  Professor  Meyer  in  1902.  The  working  conditions  of  the  motor  are 
practically  the  same  when  worked  with  alcohol  as  with  oil,  except  the 
method  of  vaporising  the  alcohol.  It  is  drawn  from  a  receiver,  the  con- 
nection with  which  is  always  open,  to  the  admission  passage  and  inlet 
vjJve,  by  the  suction  of  the  piston.     The  little  receiver  b  supplied  from 
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a  larger  reservoir  by  a  small  pump,  the  quantity  delivered  being  more 

than  ifl  required  per  stroke ;   the  surplus  is  carried  back  to  the  reservoir 

through  an  overflow  pipe.     The  admission  passage  is  aarrounded  by  the 

hot  exhaust  gaaes,  vhich  are  also  sometimes  utilised  to  heat  the  incoming 

air.     The  passage  acta  as  a  vaporiaer,  and  the  spirit  is  injected  into  it 

through  a  nozzle,  the  quantity  of  alcohol,  and  thus  its  ratio  to  the  air 

admitted,  being  regulated  by  a  screw.     The  charge  is  always  ignited  by 

electricity,  and  there  is  no  external  flame.     The  makers  of  the  Oberursel 

claim  for  it  a  leading  position  in  Oermany  for  driving  portable  engines, 

light  locomotives,  ploughs,  Ac,  and  for  various  domestic  and  agricultuiaJ 

operations,  such  as  churning,  saving,  threshing,  Av.     For  these  purposes 

it  is  very  widely  used,  and  about 

3,000  are  said  to  be  at  work. 

It    is    made    vertical   for   nse 

with  ordinary  petroleum  from 

1^     to    24     U.F.,    and     runs 

at    400    to    SSO    revolutions; 

for  alcohol  or  benzine,  vertical 

from  1  to  25  H.P.,  above  tiiat 

size    horizontal    only.      As    a 

portable  engine  it  is  built  in 

eleven  sizes,  from  2  to  20  H.P. 

It  is  also  used  for  hauling  in 

mines,  to  replace  horse  traction, 

and  on  light  railways. 

DeutK-Otto  (1890-1906).— 
The  German  firm  at  Deutz 
make  three  types  of  engines 
to  work  with  ordinary  petro- 
leum, benzine  of  0*70  speciflc 

F;g.lM.-B,.«..C„bu»t«,-Ott.E.g,...  g™'7'y."'l«l'»k°|-  Tb.pric 
of  the  latter  spint  has  been 
reduced  in  Oermany  since  1900;  hence  it  is  extensively  employed  for 
small  power  engines.  A  drawing  of  the  carburator  used  in  most  of  the 
oil  engines  is  shown  at  Fig.  IBO. 

The  benzine  is  introduced  through  a  filter  into  the  receiver,  which  is 
heated  by  a  hot-water  jacket ;  in  cold  weather  the  exhaust  gases  are  also 
carried  through  the  bottom  of  the  receiver,  to  warm  it.  The  level  of  oil 
is  maintained  constant  by  the  float.  Air  sucked  in  by  the  outrstroke  of 
the  piston  enters  the  receiver  as  shown,  and  is  drawn  up  from  the  bottom 
of  the  liquid  through  a  nozzle,  to  divide  and  saturate  it  as  much  as 
possible.  From  hence  the  carburetted  vapour  is  conveyed  to  the 
cylinder  through  a  vessel  filled  with  pebbles  to  cleanse  it ;   return  and 
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safetj  Yalves  and  a  wire  sieye  prevent  the  flame  from  striking  back. 
Mixed  with  more  air  drawn  from  the  base  of  the  engine,  the  charge  is 
then  admitted  to  the  cylinder  through  an  automatic  valye,  and  the  usual 
cycle  carried  out.  Electric  ignition  is  used,  the  spark  being  produced  by 
interrupting  the  current  from  a  small  dynamo,  by  means  of  a  cam  on  the 
distributing  shaft. 

In  the  Deutz  petroleum  engine,  as  originally  made,  using  oil  of 
0*80  to  0*85  specific  gravity,  the  lamp  for  heating  the  tube  and  vaporiser 
was  fed  by  oil  vapour  from  the  receiver.  The  oil  was  drawn  from  a 
reservoir  above,  in  which  its  level  was  kept  constant,  to  the  mixing 
chamber,  where  it  was  sprayed  through  a  nozzle  into  a  current  of  warm 
air.  From  thence  the  mixture  passed  to  the  vaporiser,  a  kind  of  cylin- 
drical jacket  over  the  ignition  tube,  was  evaporated  against  the  hot 
walls,  and  entered  the  cylinder  through  an  admission  valve  driven  by 
a  cam  from  the  side  shaft,  and  acted  on  by  the  governor.  Ignition  by 
hot  tube  has  now  been  superseded  by  magneto-electric  ignition  in  all 
these  engines,  with  whatever  kind  of  oil  or  spirit  they  are  driven. 

A  vertical  type  introduced  a  few  years  ago,  to  work  with  petroleum 
or  benzine,  has  neither  side  shaft,  cams,  nor  gear  wheels.  All  the  valves 
are  automatic  except  the 
exhaust,  which  is  driven 
by  an  eccentric  from  the 
crank  shaft.  To  prevent 
the  valve  opening  at  every 
revolution,  instead  of  every 
other  revolution,  an  elastic 
membrane,  acted  on  by  the 
pressure  in  the  cylinder, 
connects  the  exhaust  valve 
to  the  eccentric.     During 
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Fig.  151. — Otto-Petroleum  Engine. 
Indicator  Diagram. 


the  compression  stroke  the  pressure  sucks  forward  the  membrane, 
and  the  valve  is  held  closed.  In  a  later  Deutz  type  the  oil  is 
injected  through  a  nozzle  by  a  pump,  which  regulates  the  quantity 
admitted  to  the  vaporiser  per  explosion.  This  necessitates  a  second 
eccentric  on  the  crank  shaft,  set  in  motion  by  a  membrane  in  the  same 
way  as  the  exhaust  valve.  During  the  suction  stroke  of  the  piston,  the 
membrane  draws  forward  a  hook  actuating  the  oil  plunger  piston,  and 
the  pump  sends  on  the  oil,  while  during  the  exhaust  stroke  it  is  thrown 
out  of  gear.  As  the  pump  works  only  in  accordance  with  the  pressure 
in  the  cylinder,  there  is  no  need  to  regulate  the  supply  of  oil  by  the 
governor,  and  the  latter  acts,  therefore,  only  on  the  exhaust  valve.  All 
the  valves  of  horizontal  engines,  as  now  made,  are  driven  by  cams  from 
the  side  shaft.     A  4  H.P.  stationary  engine  was  exhibited  at  Berlin  in 
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1894y  in  which  the  oil  was  drawn  from  a  receiver,  and  the  valTea  were 
worked  bj  gearing.  The  10  H.P.  portable  engine  had  a  pump  which 
sprayed  the  oil  into  air  coming  through  an  automatic  valve ;  the 
action  of  the  pump  and  admission  valve  was  governed  by  membranes. 
The  consumption  of  oil  was  0*96  lb.  |>er  B.H.P.  hour,  and  speed  297 
revolutions  per  minute.     Fig.  151  gives  an  indicator  diagram. 

The  Deutz  firm  have  also  been  amo^g  the  first  to  bring  out  portable 
engines  driven  with  alcohol,  one  of  which  was  shown  at  Berlin  in  1902, 
and  took  the  first  prize.  In  this  engine  the  small  spirit  pump  is  served 
by  an  automatic  valve,  and  its  stroke,  and  thus  the  quantity  of  alcohol 
delivered,  can  be  varied  at  will.  The  admission  valve  and  pump  are 
driven  by  the  same  stepped  cam,  and  the  exhaust  by  an  ordinary  cam 
from  the  auxiliary  shaft.  The  alcohol  is  drawn  by  the  pump  from  a 
receiver,  and  injected  through  a  nozzle  into  the  current  of  air,  which 
effectually  breaks  it  up  and  pulverises  it.  As  in  most  of  the  latest 
Deutz  engines  the  governor  acts  on  the  cut-off,  and  varies  the  quantity, 
but  not  the  quality  of  the  charge  admitted.  The  piston  of  the  alcohol 
pump  and  the  rod  of  the  admission  valve  being  worked  by  the  same 
stepped  cam,  they  always  move  together.  If  the  normal  speed  is 
exceeded,  the  governor  shifts  the  cam  through  a  roller.  The  pump  and 
valve-rod  rise  at  the  same  time  as  before,  but  close  earlier  in  the  stroke 
— namely,  before  the  dead  point — thus  the  quantity  of  the  charge 
reaching  the  cylinder  is  varied  according  to  the  load.  No  special 
provision  is  made  for  heating  either  the  alcohol  or  the  air.  Where 
the  governor  throttles  the  charge,  instead  of  cutting  out  explosions, 
previous  heating  is  not  found  necessary.  The  cooling  water  for  the 
engine  does  not  circulate,  but  is  evaporated  in  a  separate  vessel,  and 
the  supply  replenished  as  required. 

Benzine  locomotives  to  run  on  rails  both  above  and  underground 
are  also  made.  These  little  engines  being  self  contained,  and  requiring 
no  ropes  or  transmission  gear,  are  in  considerable  request  for  under- 
ground or  light  railways,  or  in  mines ;  more  than  a  hundred  have  been 
constructed  during  the  last  few  years.  Petroleum  or  benzine  engines 
are  made  single  cylinder,  vertical,  from  1  to  20  H.P.,  with  a  speed  of 
380  to  240  revolutions  per  minute,  horizontal  up  to  300  H.P.,  running 
at  250  to  200  revolutions  per  minute.  Portable  engines  chiefly  driven 
with  alcohol  are  in  sizes  from  4  to  25  H.P.,  and  benzine  locomotives 
from  6  to  32  H.P.  MM.  Langen  and  Wolf,  of  Vienna  and  Buda-Pesth, 
also  make  the  Otto  benzine  engine.  They  construct  horizontal  motors 
from  1  U>  30  H.P.,  in  which  the  charge  is  fired  by  electricity,  benzine 
portable  engines  from  3  to  10  H.P.,  and  benzine  locomotives  for  mines. 
Up  to  1903  the  Deutz  firm  had  made  more  than  6,500  petroleum  and 
benzine  engines,  with  an  aggregate  of  41,000  H.P. 
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Many  trials  have  been  made  on  Otto  oil  engines.  In  1892  Professor 
Teichmann  tested  a  2  and  a  5  H.P.  motor,  in  which  the  consumption 
of  oil  was  about  1  lb.  per  B.H.P.  hour.  An  important  series  of  trials 
was  carried  out  by  Herr  Meyer  at  Zurich  in  1894  on  a  4  H.P.  Deutz 
oil  engine.  The  air  for  combustion  was  measured  by  a  meter,  to  which 
it  was  sent  through  a  small  fan  driven  by  a  turbine,  as  in  Slaby's 
experiments.  From  thence  it  passed  to  the  engine,  its  temperature  in 
and  out  of  the  meter  being  taken.  The  quantity  of  petroleum,  of 
jacket  water,  temperatura  of  the  latter  in  and  out,  temperature  of  the 
exhaust  gases,  and  Yolume  of  the  cylinder  and  compression  space, 
were  all  carefully  determined.  The  object  of  the  experiments  was  to 
ascertain  the  effect  of  the  speed  and  of  the  richness  of  the  charge— that 
is,  the  amount  of  oil  per  stroke— upon  the  work,  as  shown  by,  the 
indicator  diagrams,  and  their  influence  upon  the  moment  of  explosion, 
and  speed  of  flame  propagation.  To  obtain  the  best  results  from  the 
most  diluted  mixture  in  an  oil  engine,  or,  in  other  words,  the  maximum 
efficiency  with  the  minimum  consumption,  Herr  Meyer  is  of  opinion 
that  it  is  necessary  (1)  to  introduce  the  petroleum  into  the  cylinder  in 
exactly  equal  quantities  per  stroke;  (2)  to  vaporise  the  oil  under  the 
best  conditions;  (3)  to  bring  a  fresh  and  highly  explosive  mixture, 
undiluted  with  the  burnt  products,  into  contact  with  the  ignition  tube. 
For  particulars  of  these  interesting  trials,  see  Zeitschri/t  dea  Verevnea 
deutacher  Ingenieu/rey  August  17  and  24,  1895.  Several  tests  will  also 
be  found  in  Table  9.  A  later  trial  was  made  by  Professor  Meyer 
in  1899  on  a  6  H.P.  engine  worked  alternately  with  benzine  and 
Russian  petroleum,  in  which  the  consumption  of  the  latter  was  0*67  lb. 
per  B.H.P.  hour.  The  engine  was  governed  on  the  "hit-and-miss" 
principle.     For  details  see  Table. 

Benz. — The  Rheinische  Gas-Motoren  Fabrik  at  Mannheim  exhibited 
a  Benz  four-cycle  engine,  driven  by  light  petroleum  or  naphtha  of  0*71 
density,  at  Mainz,  in  1893.  The  naphtha  is  contained  in  a  reservoir, 
heated  in  cold  weather  with  hot  water  at  starting,  or  by  the  exhaust 
gases.  Air  is  drawn  into  the  reservoir  and  through  a  layer  of  naphtha 
by  the  suction  of  the  motor  piston,  and  when  charged  with  inflammable 
vapour  passes  through  a  safety  valve  to  another  valve  admitting  it  to 
the  mixing  chamber.  Here  the  carbu retted  vapour  is  diluted  with  more 
air,  and  the  charge  enters  the  cylinder  through  an  automatic  valve. 
At  the  end  of  the  compression  stroke  it  is  fired  by  an  ignition  tube, 
heated  by  a  small  naphtha  lamp.  The  admission  and  exhaust  valves 
Are  driven  by  rods,  cams,  and  levers  from  the  crank  shaft.  The  engine 
is  governed  by  cutting  out  ignitions.  If  the  usual  speed  is  exceeded, 
the  ball  governor  acts  on  the  admission  valve  lever,  and  holds  it  closed, 
and  air  only  is  drawn  into  the  cylinder,  until  the  speed  is  reduced. 
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As  the  engine  is  driyen  bj  light  petroleum,  no  vaporiaer  is  required. 
The  consumption,  as  given  by  the  makers,  is  about  1*1  lbs.  oil  per  B.H.P. 
hour,  with  a  4  H.P.  engine.  This  firm  has  made  a  speciality  of  motors 
for  road  carriages.  A  3  H.P.  engine  is  sufficient  to  drive  a  carriage 
seating  four  people.  These  little  motors  have  no  govemor,  the  speed 
being  regulated  by  the  driver.     Ignition  is  effected  electrically. 

Capitaine. — This  important  engine  was  one  of  the  first  to  use 
ordinary  petroleum,  and  automatic  ignition,  or  firing  the  charge  by 
the  heat  in  the  cylinder  only.  The  patents  were  originally  acquired 
by  MM.  Grob  &  Co.,  of  Leipzig-Eutritsch,  who  improved  it  in  several 
respects,  and  are  said  to  have  made  the  largest  number  of  oil  engines  in 
Germany.  This  firm  has  now  ceased  to  exist.  In  1891  M.  Oapitaine 
transferred  his  patents  to  Swiderski,  of  Leipzig-Plagwitz,  now  the 
Maschinen-Bau  Gesellschaft,  who  have  for  the  last  ten  years  been 
represented  in  England  by  Messrs.  Tolch,  of  Fulham. 

Like  the  gas  engine  of  the  same  name,  the  Capitaine  petroleum 
motor  differs  in  some  respects  from  others,-  especially  in  the  care  taken 
to  stratify  the  charge  as  it  enters  the  cylinder.  The  original  four>cycle 
type  and  method  of  construction  have  with  slight  modifications  been 
adhered  to,  as  shown  in  Fig.  1 52.  The  diameter  of  the  water-jacketed 
cylinder  is  larger  than  usual,  and  the  stroke  shorter.  The  admission 
ports  are  so  designed  that  the  charge  enters  at  a  high  pressure,  and 
is  rapidly  expanded.  The  compression  chamber  is  conical.  The  crank 
shaft  carries  a  pinion  gearing  into  a  wheel  of  twice  the  diameter  on 
a  horizontal  shaft,  on  which  are  two  cams  for  opening  the  exhaust  valve, 
and  working  the  small  oil  pump.  The  oil  is  contained  in  a  tank,  into 
which  air  at  a  pressure  of  4  lbs.  per  square  inch  is  sent  from  a  small 
pump,  worked  by  a  bell -crank  lever  from  the  cam  driving  the  oil  pump. 
The  slight  pressure  suffices  to  deliver  the  oil  to  the  pump,  where  it 
is  forced  upwards  by  a  small  piston,  through  a  slide  valve  which 
regulates  the  minute  quantity  required  per  stroke.  To  prevent  leakage 
the  little  oil  pump  is  filled  to  a  certain  height  with  glycerine,  above 
which  the  oil  floats.  The  inertia  governor  is  carried  on  the  valve  shaft 
If  the  speed  is  too  great,  the  centrifugal  force  of  the  weight  acts  on  a 
lever  arresting  the  descent  of  the  exhaust  valve,  and  also  throws  the 
oil  pump  out  of  gear,  until  the  normal  speed  is  resumed. 

Above  the  lamp,  at  the  opposite  side  of  the  cylinder  to  the  exhaust, 
is  the  vaporiser  in  which  the  charge  is  fired,  a  small  horizontal  chamber 
with  external  ribs,  occupying  the  same  position  as  the  ignition  tube 
(B,  Fig.  94),  and  open  to  the  cylinder  without  a  timing  valve.  The 
air  is  drawn  into  the  cylinder,  through  the  automatic  valve  at  the  top, 
by  the  suction  of  the  piston.  A  minute  quantity  of  oil  sent  on  from  the 
petroleum  pump  is  sucked  in  at  the  same  time,  carried  with  much  force 
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through  the  red-hot  vaporiier,  and  completely  vaporised  Aa  it  issaeH 
oat  into  the  cylinder,  it  meets  the  ur  eotering  at  right  angles,  and  the 
two  are  compressed  by  the  return  stroke  of  the  piston,  driven  up 
against  the  walls  of  the  vaporiser,  and  fired,  the  heat  generated  by 
the  compression  stroke,  and  the  addition  of  air,  making  the  charge 
inflammable.  The  temperature  of  the  vaporiser  is  maintained  by  a 
lamp  beneath  it,  fed  with  oil  from  the  tank,  in  the  same  way  as  the 


Fig.  152.— CapiUine  Oil  Engine, 
oil  pump.  This  lamp  forma  an  important  part  of  the  engine,  and  should 
always  burn  with  a  bright  blue  flame.  It  is  provided  with  a  long  bent 
tube,  at  the  end  of  which  is  a  conical  burner  with  a  very  small  hole; 
the  flame  of  the  burner  evaporates  the  oil  both  in  the  vaporiser  and  in 
the  tube  itsel£  In  the  earlier  oil  engines,  the  flame  also  played  upon 
the  small  ignition  tube,  but  it  was  accidentally  discovered  that,  after 
running  some  time,  the  engine  would  work  without  a  light,  and  all 
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external  lamps  are  now  dispensed  with,  except  at  starting.  In  place 
of  a  chimney  to  the  lamp  there  are  two  iron  capsules  with  asbestos 
joints.  In  one  type  of  the  engine  these  capsules  expanded,  if  the 
vaporiser  became  too  hot,  and  allowed  the  external  air  to  enter,  and 
act  upon  its  surface.  In  another  arrangement  the  temperature  of  the 
vaporiser  was  made  to  regulate  the  flow  of  oil  to  the  lamp.  The  cover 
of  the  vaporiser  was  held  against  it  by  a  spring,  and  on  the  slightest 
expansion,  due  to  overheating,  the  spring  acted  upon  a  membrane  valve 
in  the  oil  admission  pipe,  and  checked  the  supply.  To  start  the  engine, 
the  exhaust  valve  is  held  open  during  the  compression  stroke,  and  the 
flywheel  turned  with  a  hand  crank,  which  £eJ1s  out  of  gear  automatically 
when  the  engine  is  at  work.  The  tube  of  the  lamp  and  the  vaporiser 
are  heated  by  a  spirit  lamp  at  starting. 

In  the  Swiderski  (Capitaine)  engine  worked  with  alcohol,  one  of 
which  was  shown  at  Berlin  in  1902,  the  spirit  is  contained  in  a  small 
receiver  always  open  to  the  suction  passage.  The  level  in  this  receiver 
is  kept  constant  by  a  float  and  a  needle  valve,  and  only  so  much  alcohol 
is  allowed  to  pass  into  it  from  the  supply  tank  as  is  required  to  form 
.an  explosive  charge  in  the  cylinder.  The  quantity  is  regulated  by 
a  screw.  A  carburator  of  the  Longuemare  type  is  used,  and  the 
exhaust  gases  carried  round  it,  to  heat  the  spirit ;  the  air  for  pulverising 
the  charge  can  also  be  previously  warmed  by  the  hot  products.  The 
alcohol  is  drawn  with  considerable  force,  by  the  suction  of  the  piston 
and  the  vacuum  thus  produced,  into  the  carburator,  together  with  a 
small  quantity  of  air  entering  at  right  angles  to  it,  and  broken  up  by 
passing  through  holes  and  baffle  plates.  More  air  is  then  added,  and 
the  carburetted  charge,  thoroughly  mixed  by  the  rapid  motion  imparted 
to  it,  is  swept  into  the  cylinder.  The  engine  is  governed  on  the  "  hit^ 
And-miss"  principle,  in  the  same  way  as  other  types  of  the  Capitaine. 
The  exhaust  valve  only  is  worked  from  the  side  shaft,  the  admission 
valve  is  automatic.     The  motor  is  started  with  benzine. 

The  Capitaine  engine  has  been  shown  at  most  exhibitions  of  late 
years,  and  was  one  of  the  best  of  those  at  the  Berlin  trials  of  1894, 
where  two  vertical  portable  engines  were  exhibited.  In  a  trial  of  a 
10  B.H.P.  engine  at  Leipzig  in  1893  the  oil  consumption  was  1  lb.  per 
B.H.P.  hour.  The  engine  is  made  vertical,  with  one,  two,  or  four 
cylinders,  in  sizes  from  1  to  60  B.H.P.,  with  a  speed  of  360  to  250 
revolutions  per  minute.  For  boats  two  cylinders  are  used.  It  is  also 
largely  made  as  a  portable  engine  for  pumps,  locomotives,  driving 
dynamos,  and  many  other  purposes,  and  about  600  engines  have  been 
supplied  for  marine  work.     Several  tests  will  be  found  in  Table  9. 

Binki. — This  important  oil  engine,  constructed  by  Ganz  &  Co.,  of 
Vienna  and  Buda-Pesth^  on  the  Banki-Czonska  systenr,  is  extensively 
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used  in  Austria  and  Hungarj,  especially  for  agricultural  and  other 
industrial  purposes.  It  is  of  the  usual  four-cycle  type,  may  be  driven 
with  either  benzine  or  ordinary  petroleum,  and  can  also  be  modified^to- 


Fig.  163.— B&nki  Oil  Engine— Sectional  Elevation. 

work  with  lighting  gas.     It  has  lately  (1905)  been  adapted  for  use  with 
alcohol. 

Professor  B&nki,  who  has  made  several  valuable  contributions  to  our 
scientific  knowledge  of  oil  engine  cycles,  has  in  this  motor  introduced 
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a  new  method  of  forming  the  explosive  charge.  Proceeding  on  the  now 
well-established  fact  that  the  true  means  of  increasing  the  efficiency  of 
an  engine  is  to  be  sought  in  greater  compression  of  the  charge,  he  jastlj 
observes  that  as  compression  is  increased,  the  temperature  of  the  explo- 
sive mixture  will  be  raised,  and  more  trouble  will  be  caused  by  pre- 
mature ignitions.  To  avoid  this  difficulty,  the  air  and  combustible  must 
be  separately  compressed,  as  in  the  Diesel  engine,  or  the  oil  admitted 
-only  after  compression,  as  in  the  Homsby.  Another  way  which,  accord- 
ing to  B£nki,  increases  instead  of  diminishing  the  efficiency,  is  to  cool 
•the  charge  itself,  and  this  he  has  done  by  a  novel  method  of  injecting 
water.  Hitherto  the  injection  of  water  into  the  cylinder  of  an  internal 
•combustion  engine  has  not  generally  been  advantageous,  because  the 
object  was  to  increase  the  pressure  by  evaporation,  and  not,  by  reducing 
the  temperature,  to  obtain  higher  compression.  In  B£nki's  system 
■the  water  is  introduced  in  a  very  fine  spray,  and  thoroughly  mixed  with 
•the  oil  and  air,  in  accordance  with  these  conditions. 

Figs.  153  and  154*  show  the  construction  of  the  engine,  K  is  the 
exhaust  valve,  which  is  driven  either  by  an  eccentric  or  by  a  cam  and 
Toiler  from  the  valve  shaft,  geared  2  to  1  to  the  main  shaft.  The  suction 
valve  S  is  automatic  in  the  smaller  engines ;  for  larger  powers  this  valve 
.also  is  worked  from  the  cam  shaft.  The  lamp  y  heats  the  vaporiser  and 
the  hot  tube  x,  which  is  open  to  the  cylinder  without  a  timing  valve,  and 
the  exhaust  gases  are  also  carried  through  the  upper  part  of  the 
vaporiser,  to  heat  it.  It  has  now  been  found  possible  to  dispense  with 
the  lamp  after  the  engine  is  at  work,  the  heat  generated  by  the  motor 
itself  being  sufficient  for  the  vaporisation  and  ignition  of  the  oil.  This 
automatic  action  is  said  greatly  to  conduce  to  the  efficiency  of  the  engine, 
the  constant  attention  formerly  required  by  the  lamp  being  now  no 
longer  needed.  The  ignition  is  as  punctual  as  when  electricity  is  used. 
The  "  hit-and-miss "  governor,  consisting  of  two  centrifugal  weights,  is 
Also  on  the  cam  shaft,  and  acts  on  the  exhaust  valve  by  holding  it  open, 
if  the  normal  speed  is  exceeded. 

The  method  of  spraying  the  oil  and  water  is  original.  In  the  valve 
•chamber  L  (Fig.  154),  which  also  acts  as  the  vaporiser,  is  a  vertical  screw 
forming  a  pulveriser,  through  the  centre  of  which  a  small  hole  is  pierced. 
The  conical  base  of  the  screw  abuts  on  a  receiver  filled  with  oil  up  to  a 
level  kept  constant  by  a  float.  Air  is  drawn  down  through  the  central 
hole  of  the  screw  by  the  suction  of  the  piston  at  each  stroke,  and  the  oil 
.at  the  base  is  suddenly  sprayed  out  on  either  side  through  a  nozzle,  by 
the  force  of  the  air  current,  and  thrown  against  the  sides  of  the  chamber. 
It  is  next  broken  up  by  another  blast  of  air  admitted  at  right  angles,  and 

*  Reproduced  by  kind  permission  of  the  Editor  from  an  article  by  the  Author 
.on  the  Bfoki  engine,  in  The  Engineer,  March  21,  1902. 
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vaporised  bj  the  heat,  and  the  charge  passes  to  the  cylinder  through  a 
mecbanically-d riven  valve.  The  same  arrangement  is  made  to  admit  the 
water.     The  two  pulverisers  for  the  oil  and  water  are  placed  in  the  ad- 


Fig.  151.— Biaki  Oil  Engine— Sectiooal  Elevation. 
miaeion  pipe,  each  being  connected  to  a  receiver  with  a  float,  to  regnlate 
the  level.     A.t  m  m  (Fig.  153)  are  seen  the  two  nozzles,  and  the  screws  for 
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regulating  the  quantities  passing  to  the  admission  yalve  are  shown  at 
n  n.  The  air  yalve  being  opened,  the  air  passing  to  the  oil  pulyeriser  is 
moistened  with  fine  partioles  of  water,  and  it  is  into  this  damp  air  that 
the  oil  is  sprayed  in  the  form  of  mist.  As  the  quantity  of  oil  per  stroke 
depends  on  the  air  passing  through  the  centre  of  the  pulyeriser,  and 
hence  on  the  vacuum  in  the  cylinder,  the  composition  of  the  charge  is 
said  to  be  always  uniform.  The  two  pulverisers  may  be  interchanged, 
and  the  air  first  saturated  with  petroleum,  then  charged  with  water.  If 
the  engine  is  worked  with  lighting  gas,  acetylene,  dec.,  the  pulveriser 
must  be  replaced  by  a  mixing  apparatus  for  gas  and  air. 

This  system  of  water  injections  with  oil  engines  was  tested  by  Prof. 
Bdnki  at  MM.  Ganz's  works,  and  the  experimental  four-cycle  engine  to 
which  it  was  applied  ran  well  and  quietly,  although  the  compression 
space  was  greatly  reduced,  but  when  the  water  was  shut  off  there  were 
violent  explosions.  The  consumption  of  oil  was  also  much  less  with  the 
water  injections.  A  20  H.P.  engine,  with  a  piston  diameter  of  9*1  inches 
and  15 '7  inches  stroke,  has  been  made,  and  tested  with  the  apparatus  at 
Buda-Festh.  Ignition  in  this  motor  is  by  hot  tube  without  a  lamp,  and 
the  mixture  of  air  and  pulverised  oil  and  water  is  compressed  to  13  atmo- 
spheres. The  heat  of  compression  evaporates  the  water,  and  combustion 
produces  superheated  steam  at  30  atmospheres  pressure,  which  by  its 
expansion  increases  the  work  done.  The  engine  is  said  to  consume  250 
grammes  =  0*55  lb.  of  oil  per  B.H.P.  hour,  and  with  a  mean  pressure  of 
10  atmospheres  the  consumption  was  even  reduced  to  208  grammes  = 
0*45  lb.  per  B.H.P.  hour.  Tests  on  several  small  Bdnki  engines  have  been 
made  by  Professor  Meyer,  and  one  was  carried  out  in  1901  by  Professor 
Schimdnek  on  a  16  H.P.  benzine  engine,  in  which  the  maximum  compres- 
sion pressure  was  234  lbs.  per  square  inch,  and  the  heat  efficiency  per 
B.H.P.  28  per  cent.  This  striking  result  with  so  comparatively  small 
an  engine  is  attributed  to  the  water  injections,  which  allow  of  a  much 
higher  compression  of  the  charge  than  usual.  A  series  of  five  trials  were 
also  made  on  a  20  H.P.  engine  by  Professors  Jonas  and  Taborsky,  details 
of  which  will  be  found  in  the  Tables.  In  this  engine  also  28  per  cent, 
of  the  heat  given  to  the  engine  was  turned  into  actual  work.  A  full 
account  of  these  interesting  tests  will  be  found  in  the  article  in  The 
Engineer^  already  referred  to.  The  engine  is  made  vertical  only,  in  sizes 
from  5  to  50  H.P.,  with  a  speed  of  300  to  120  revolutions  per  minute. 
It  is  also  made  as  a  portable  engine,  and  for  driving  light  locomotives. 
In  the  largest  sizes  two  cylinders  are  used. 

Diesel. — Perhaps  no  engine  has  made  more  stir,  or  raised  greater 
expectations  in  Qerman  scientific  circles  of  late  years,  than  the  Diesel 
''  Eational  Heat  Motor.''  The  inventor,  instead  of  constructing  an 
engine,  and   deducing  a  theory  from  it,  first  laid  down  the  working 
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principlea  which,  in  hia  opinion,  ought  to  govern  any  improTement  in 
our  present  internal  combustion  engines,  and  then  proceeded  to  embody 
them  in  practice.  These  fundamental  principles  are  set  forth  in  detail  in 
a  book.  Theory  and  Construction  of  a  BotHonal  Heat  Motor  (J.  Springer, 
Berlin,  1893),  (an  English  translation  of  which  has  been  published  hj 
Spon),  and  may  be  summarised  as  follows : — 

(1)  Production  of  the  highest  temperature  of  the  cycle,  not  by  and 
during  combustion,  but  before  and  independently  of  it,  entirely  by 
mechanical  compression  of  the  air. 

(2)  Gradual  introduction  of  a  small  and  carefully-regulated  quantity 
of  finely-diyided  combustible  into  the  highly-compressed  and  heated  air, 
in  such  a  way  that  no  increase  of  temperature  takes  place  during  the 
motor  stroke,  but  all  the  heat  generated  is  at  once  carried  off  by  the 
expansion  of  the  gases  of  combustion. 

(3)  Introduction  of  a  large  quantity  of  air  in  excess,  instead  of  ad- 
mitting only  as  much  air  as  is  required  to  obtain  proper  combustion  of 
the  fael  in  the  cylinder.  This  condition  rests  on  the  principle  that  the 
quantities  of  heat  contained  in  oil  or  other  combustible  are  too  great  to 
be  utilised  in  an  engine  cylinder,  unless  there  is  a  large  excess  of  air — 
say  100  per  cent,  to  carry  it  off. 

It  will  be  seen  that  the  working  cycle  thus  obtained  differs  in  several 
respects  from  that  usually  carried  out  in  gas  and  oil  engines.  It  con- 
forms more  closely  to  the  theoretical  Camot  cycle  than  any  other,  and 
therefore  the  progress  of  the  Diesel  engine  has  been  followed  with  close 
interest  by  scientific  men,  including  Professors  Schroter,  Slaby,  Guter- 
muth,  and  others,  in  Germany  and  elsewhere. 

As  originally  designed  the  Diesel  engine  had  three  vertical  cylinders 
side  by  side,  the  ordinary  cycle  of  work,  admission,  compression,  ignition 
and  expansion,  and  exhaust  being  divided  between  them.  To  carry  out 
the  perfect  Oarnot  cycle  Diesel  proposed  to  have  first  isothermal  com- 
pression, to  be  obtained  by  injecting  water  to  carry  off  the  heat,  and  then 
adiabatic  compression.  Further,  he  hoped  to  obtain  such  complete  ex- 
pansion that  no  cooling  jacket  would  be  required,  but  all  the  heat 
generated  would  be  expended  in  work.  This  latter  principle,  the  un- 
attained  ideal  of  inventors  for  so  many  years,  was  soon  found  impossible. 
A  water  jacket  became  necessary,  and  isothermal  compression,  with 
pressures  of  250  atmospheres,  was  abandoned  in  favour  of  adiabatic 
compression  only,  which  required  pressures  of  from  30  to  50  atmospheres. 
Although  Herr  Diesel  hopes  ultimately  to  work  with  different  power 
agents,  at  present  the  engine  has  only  been  driven  with  oil  of  various 
kinds,  alcohol  and  spirit,  but  experiments  with  lighting  and  cheap  gas 
are  in  progress. 

As  made    by  the  Augsburg    Maschinen-Fabrik,   MM.    Krupp,   of 
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Pig.  IBS.— 20  Horse-power  Diesel  Oil  Motor. 
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Essen,  and  several  other 
firms,  the  eogioe  is  fonr- 
cjcle,  vertical,  single- 
acting,  vith  small  anzili- 
arj  oil  and  air  pnmps, 
and  the  water  jacket  nOT 
admitted  to  be  indispens- 
able. The  original  ex- 
perimental engine  ia  said 
to  have  worked  without 
it,  and  also  without  an 
air  reservoir,  but  both 
have  been  added  to  the 
motor  shown  at  Figs.  155 
and  156.  There  is  no 
ignition  device  of  any 
kind,  nor  is  the  fnel  com- 
pressed, the  compression 
stroke  acting  on  the  air 
only.  £  is  the  valve 
shaft  worked  by  gearing 
from  the  crank  shaft 
through  a  vertical  shaft 
2  to  1,  and  from  it  the 
admission  valve  Yj,  the 
exhaust  V^,  and  the  oil 
pump  are  driven ;  d  is 
the  crank  shaft,  P  the 
motor  piston  working 
downwards  on  to  the 
crank,  and  e  the  water 
Jacket.  The  motor  piston 
draws  in  a  charge  of  air 

at  atmospheric  pressure,  1 

and  oompresnea  it  in  the  [ 

np-stroke.  The  air  for 
spraying  the  oil  is  drawn, 
into  the  pump  Q,  worked 
by  levers  t  and  X  from 
the  connecting-rod,  and 
compressed  into  the  reser- 
voir L  at  the  side,  where  ^S-  1^- — ^  Horse-power  Diesel  Oil  Uotor. 
it  is  at  a  pressure  of  35  to  50  atmospheres.     From  thence  it  passes 
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through  pipe  S  and  valve  Y^  to  the  valve  chamber  D  at  the  top 
of  the  cylinder,  where  a  very  small  quantity  of  oil  is  injected  into 
it  through  the  nozzle  n,  and  gradually  ignited  by  the  heat  of  the 
highly  compressed  air.  By  means  of  the  pipe  S  the  pressure  is  also 
equalised  between  the  reservoir,  air  pomp,  and  valve  chamber  D.  For 
starting  the  engine,  the  cams  actuating  valves  Y^  and  Y^  are  thrown 
out  of  gear  by  moving  a  lever,  and  air  from  the  reservoir  L  is  admitted 
through  a  special  starting  valve.  Combustion  is  r^ulated  by  varying 
either  the  time  during  which  oil  is  injected,  the  period  of  admission,  or 
the  pressure  in  the  air  reservoir.  Connected  to  the  injection  nozzle  are 
two  valves,  the  admission  and  an  overflow.  The  descent  of  the  little 
oil  pump  piston  closes  the  latter,  and  sends  the  oil  to  the  valve  chamber 
D.  But  if  the  normal  speed  is  exceeded,  the  governor  interposes  a 
wedge  below  the  oil  piston,  the  overflow  valve  remains  open,  more  or 
less,  and  part  or  the  whole  of  the  oil  passes  back  to  the  receiver. 

From  this  description  it  will  be  seen  that  the  ordinary  four-cycle 
is  adhered  to,  but  the  dimensions  are  very  small  for  the  power 
developed.  Herr  Diesel  has  given  many  years  to  the  study  of  the 
subject,  and  his  method  of  treating  the  oil  is  founded  on  mature 
experience.  He  does  not  allow  it  to  come  in  contact  with  the  cold 
cylinder  walls,  nor  is  it  previously  vaporised,  and  thus  separated  into 
its  heavy  and  volatile  constituents,  but  it  is  injected  in  a  liquid  state  and 
at  once  into  the  body  of  compressed  air,  and  the  whole  instantly 
vaporised  and  burnt,  before  it  has  had  time  to  condense  against  the  walls. 
Combustion  is  independent  of  the  speed  of  propagation  of  the  flame, 
because  each  particle  of  oil  as  it  enters  finds  sufficient  air  for  its  com- 
bustion. Another  merit  of  the  engine  is  the  very  high  compression  of 
the  charge,  much  higher  than  in  other  oil  engines.  These  pressures 
occasioned  much  difficulty  with  the  valves  at  first.  The  temperature 
of  combustion  appears  to  be  really  obtained,  as  the  inventor  claims  to 
obtain  it,  before  and  independently  of  combustion.  As  air  is  the  only 
agent  in  producing  this  result,  there  is  no  danger  of  premature  ignition, 
such  as  may  happen  in  an  engine  where  oil  and  air  together  are  highly 
compressed,  and  miss-fires  are  impossible.  No  light  of  any  kind  is 
required,  the  oil  being  wholly  vaporised  by  the  air  under  pressure.  As 
a  result  a  theoretical  heat  efficiency  of  50  per  cent,  was  expected,  and 
an  indicated  heat  efficiency  of  34  to  40  per  cent.,  with  a  corresponding 
reduction  in  the  consumption  of  oil,  has  been  actually  obtained. 

Several  interesting  novelties  have  during  the  last  few  years  been 
introduced,  chiefly  by  the  able  and  enterprising  directors  of  the  Augs- 
burg Maschinen-Fabrik,  to  whom  the  credit  of  overcoming  the  initial 
difficulties,  and  of  much  valuable  work  in  perfecting  the  engine  is  due. 
The  chief  improvements  are  in  the  pulverisation  of  the  oil,  regulation 
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of  the  ftupplj  by  the  governor,  and  the  compression.  The  latest  pul- 
veriser consists  of  four  circular  discs  set  one  above  the  other,  pierced 
with  alternate  holes,  through  which  the  current  of  air  draws  down  the 
petroleum,  and  breaks  it  up  against  the  discs.  As  the  air  is  at  a  high 
pressure,  and  the  holes  are  comparatively  large,  thej  do  not  get  stopped 
ap,  as  was  the  case  when  the  oil  was  passed  through  a  sieve.  Of  the 
two  valves,  suction  and  delivery,  of  the  little  oil  pump,  the  delivery 
valve  to  the  cylinder  is  always  automatic,  and  its  lift  does  not  vary,  but 
it  cai^not  rise  until  the  suction  valve,  which  draws  the  oil  from,  and 
returns  it  to  the  receiver,  is  closed.  This  inlet  valve,  worked  by  a  * 
small  crank  on  the  valve  shaft,  is  now  connected  to  the  governor  by 
levers  moving  on  a  pivot.  If  the  load  varies,  the  governor  draws  up 
the  pivot  and  levers,  the  suction  valve  is  closed  later,  and  opens  sooner, 
And  thus  the  quantity  of  oil  sent  to  the  cylinder  is  reduced. 

A.  third  novelty  is  that  the  air  pump  draws  air,  not  from  the 
Atmosphere,  as  before,  but  from  the  motor  cylinder  through  a  small 
discharge  valve  opened  during  the  latter  half  of  the  compression  stroke, 
when  a  pressure  of  150  lbs.  per  square  inch  has  been  attained.  The  air 
passes  into  the  passage  serving  to  admit  compressed  air  to  start  the 
engine,  and  is  sucked  from  thence  by  the  air  pump,  compressed  to 
60  atmospheres  (850  lbs.  per  square  inch),  and  delivered  to  the  admis- 
sion valve,  where  a  very  small  quantity  of  petroleum  is  injected  into 
it;  the  rest  of  the  cycle  is  as ' described.  A  valve  on  the  air  pump 
regulates  the  supply  of  air  according  to  the  pressure  in  the  cylinder. 
Thus  the  pump  has  to  compress  the  air  to  one-sixth  instead  of  one- 
sixtieth  the  original  volume,  and  its  dimensions  can  be  proportionally 
reduced.  The  air  pump  of  a  30  H.P.  engine  is  2  inches  in  diameter, 
with  3  inches  stroke. 

Trials. — Herr  Diesel  maintains  that  his  engine  works  with  a  lower 
'Consumption  of  oil  than  others,  and  this  seems  to  have  been  confirmed 
•by  a  large  number  of  tests.  A  careful  series  of  trials  was  made  on  a 
20  H.P.  engine  by  Professor  Schr(5ter  at  Augsburg,  in  February,  1897. 
The  cylinder  diameter  was  9-8  inches,  stroke  15*7  inches,  and  the  engine 
ran  at  154  revolutions  per  minute.  It  indicated  24*7  H.P.,  with  a  con- 
sumption of  0*39  lb.  of  oil  per  I. H.P.  hour,  and  gave  on  the  brake 
17*8  H.P.,  with  a  consumption  of  0*52  lb.  of  oil  per  B.H.P.  hour.  The 
Jieating  value  of  the  oil  used  was  18,370  B.T.U.  per  lb.;  mechanical 
efficiency,  75  per  cent. ;  the  large  negative  power  required  to  drive  the 
high  pressure  air  pump  reduced  this  efficiency.  The  heat  turned  into 
actual  work  on  the  brake  was  26*8  per  cent,  of  the  total  heat  given  to 
4fhe  engine ;  another  test  gave  25*8  per  cent.  This  high  heat  efficiency 
is  attributed  by  Professor  Meyer,  not  to  combustion  at  constant  tem- 
2>erature,  to  which  Herr  Diesel  ascribes  it,  but  to  the  high  pressures 
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attained.  Another  trial  was  made  by  Professor  Meyer  on  a  30  B.H.F. 
engine  in  September,  1900,  in  which  the  consumption  of  American  oil 
was  044  lb.  per  B.H.P.  hour,  and  the  high  heat  efficiency  of  30  per  cent^ 
per  B.H.P.  was  obtained.  Two  important  trials  were  made  by  him  in 
1902  on  a  70  B.H.P.  and  an  8  B.H.P.  engine,  driven  with  Russian 
petroleum  and  cheap  paraffin  oil  from  German  brown  coal.  The  heating 
value  of  the  Russian  oil  was  18,540  B.T.U.  per  lb.,  and  of  the  paraffin 
2^  per  cent.  less.  The  heat  efficiency  of  the  larger  engine  per  B.H.P. 
at  normal  load  was  32*1  per  cent.,  and  of  the  smaller  27*6  per  cent. 

Several  valuable  trials  on  the  Diesel  engine  have  been  made  by  Mr. 
Ade  CUark,  who  has  written  an.  able  paper  on  the  recent  developments 
of  the  motor.*  A  35  B.H.P.  engine  was  tested  by  him  in  England  in 
1902,  and  one  of  80  H.P.  and  another  of  160  H.P.  at  Ghent  in  1903. 
American  oil  was  used  in  the  English*  trials,  and  the  heat  efficiency  of 
the  engine  per  B.H.P.  worked  out  at  28*7  per  cent.  At  full  load  the 
heat  efficiency  of  the  80  H.P.  was  31*2  per  cent.,  and  of  the  two-cylinder 
160  H.P.  engine  32*3  per  cent.  The  consumption  of  oil  per  B.H.P. 
hour  varied  from  0*8  lb.,  in  the  smallest,  to  0*4  lb.  in  the  largest 
engine.  The  utmost  care  was  bestowed  on  these  exhaustive  and  ex- 
cellent tests.  Particulars  of  most  of  the  above  trials  will  be  found  in  the 
Tables. 

The  Diesel  engine  was  first  shown  at  the  Munich  Exhibition  of  1898,. 
when  motors  of  various  powers  were  exhibited  by  the  original  makers, 
the  Maschinen-Fabrik  Augsburg,  and  three  other  leading  German  firms ; 
all  were  single-cylinder  engines,  driven  with  ordinary  oil.  It  has  now 
found  wide  application  in  many  countries.  In  Russia  it  is  much  used, 
because  of  its  easy  adaptability  to  any  kind  of  oil,  and  Diesel  engines 
are  working  in  Siberia  and  Turkestan.  The  electricity  for  driving  the 
street  tramcars  in  Kieff  is  supplied  by  four  sets  of  Diesel  engines,  each 
of  500  H.P.  Each  set  consists  of  four  motor  cylinders,  with  a  speed  of 
160  revolutions  per  niinute,  and  a  working  stroke  is  obtained  in  one  or 
other  cylinder  at  every  half  revolution.  The  air  pump  in  the  Russian 
engines  is  single-,  instead  of  double-acting.  These  engines  are  also  used 
to  pump  the  oil  through  the  pipe  lines  from  Baku  to  Batoum  on  the 
Black  Sea.  Water  being  scarce,  the  water  for  the  cylinders  is  cooled  by 
an  air  current  created  by  the  pressure  of  oil,  on  the  system  of  contrary 
currents.  In  America  the  engine  is  made  with  three  cylinders  up  to- 
1,000  H.P.,  and  a  usual  arrangement  is  to  have  several  separate  engines 
in  one  factory,  served  by  a  common  air  pump,  oil  tank,  and  oil  pump. 
The  same  method  is  adopted  in  Sweden  for  three  cylinder  engines.  A 
marine  type  for  a  canal  boat  has  been  brought  out  by  MM.  Sautter  and 
Harle,  of  Paris,  in  which  the  two  cylinders  are  arranged  horizontally^ 
*  Proceedings  of  the  Institution  of  Mechanical  Engineers,  July,  1908. 
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with  the  crank  shaft  between  them.  In  the  Hungarian  type  made  by 
the  Maschinen-Fabrik  Bada-Pesth,  the  exhaust  valve,  oil  pump,  and 
governor  are  driven  from  the  valve  shaft  by  a  single  disc  carrying  the 
cams  arranged  in  three  concentric  circles.  Oil  made  from  earth  nuts, 
which  grow  in  profusion  in  the  French  African  Colonies,  has  also  been 
used  as  the  motive  power.  The  engine  is  made  single  cylinder  from  8  to 
150  H.P.,  with  a  speed  of  270  to  150  revolutions  per  minute,  with  two 
cylinders  from  30  to  300  H.P.  In  Germany  it  is  constructed  chiefly  by 
the  Yereinigte  Maschinen-Fabrik  Augsburg  and  Maschinen-Bau  Gesell- 
schaft  Nuremberg ;  in  Russia  by  Ludwig  Nobel ;  in  Belgium  by  Oarel 
Fr^res  of  Ghent ;  and  in  England  by  the  Diesel  Engine  Company.  The 
Augsburg  firm  alone  have  since  1898  supplied  over  400  engines,  with 
a  total  of  22,000  H.P.  Of  these  7,370  H.P.  were  for  Germany,  13,000 
H.P.  for  Russia,  and  1,630  H.P.  for  other  countries.  The  author  saw 
many  of  these  motors  at  work,  and  they  ran  very  quietly  and  easily. 
Full  details,  and  an  account  of  Professors  Schroter  and  Meyer's  trials  will 
be  found  in  ZeUachrift  des  Vereinea  detUacher  IngSmev/re^  July  10,  17,  24, 
1897,  and  Nos.  18,  19,  24,  27,  1903.  An  application  of  the  entropy 
diagram  to  a  Diesel  engine  will  be  found  in  the  same  periodical, 
September  24,  1898. 

The  ^jelsberg  (1889)  petroleum  engine,  constructed  by  the 
Schweizerische  Maschinen-Fabrik  Winterthur,  and  MM.  Nobel  Bros., 
of  St.  Petersburg,  was  tested  at  Meaux  in  1894  (see  Table  9).  It  is 
a  carefully  designed  single-cylinder  motor  of  the  four-cycle  type,  and 
is  made  in  sizes  from  2  to  35  H. P.,  both  vertical  and  horizontal ;  it  runs 
at  250  to  170  revolutions  per  minute.  In  the  vertical  engine  the  oil 
passes  by  gravity  to  the  valve  chamber  from  a  iteservoir  above,  through 
a  pump  driven  by  the  cam  shaft,  the  stroke  of  the  pump  regulating 
the  quantity  (about  one-twelfth  of  a  gramme).  The  air  is  drawn  in 
through  an  automatic  valve  lifbed  by  the  vacuum  in  the  cylinder,  which 
thus  determines  the  quantity  admitted.  The  speed  of  the  air  is  sufficient 
to  spray  the  petroleum,  and  the  latter  is  also  broken  up  by  falling  over 
a  cone  into  the  vaporiser  below,  a  vertical  cylindrical  tube,  with  a  jacket 
through  which  the  hot  gases  circulate  from  a  lamp  heating  the  ignition 
tube.  As  the  gases  ascend,  while  the  oil  is  carried  down  through  the 
vaporiser  by  the  current  of  air,  complete  and  rapid  vaporisation  is  said 
to  be  obtained  by  means  of  contrary  currents,  a  principle  utilised  in 
several  German  engines.  The  vaporised  charge  is  then  admitted  to  the 
cylinder  through  a  valve  worked  by  levers  and  cams  from  the  auxiliary 
shaft.  Ignition  is  by  a  small  brass  tube  without  a  timing  valve,  heated 
by  a  lamp  which  also  heats  the  vaporiser,  and  is  usually  fed  by  a  branch 
pipe  from  the  main  oil  supply.  The  small  orifice  of  the  tube  prevents 
ignition  till  the  end  of  the  compression  stroke.     The  oil  pump  is  con- 
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nected  to  the  adminion,  but  acts  for  a  shorter  time  per  stroke,  to  ensure 
a  sufficient  snj^lj  of  air  through  the  automatic  valve  to  break  it  up 
thoroughly.  The  rotary  ball  governor  on  the  crank  shaft  regulates  the 
admission  of  oil  in  accordance  with  the  load.  The  consumption  is  from 
0-8  to  1  lb.  petroleum  per  B.H.P.  hour. 

In  the  vertical  5*2  B.H.P.  engine  exhibited  at  Meaux  the  consump- 
tion was  0*84  lb.  per  B.H.P.  hour,  at  a  speed  of  226  revolutions  per 
minute.  Experiments  made  in  St.  Petersburg  on  a  3|  H.P.  motor, 
showed  a  consumption  of  1*1  lbs.  per  n.P.  hour  of  oil  of  0'82  density. 
Russian  oil  is  used  by  preference  in  this  engine,  especially  that  of  the 
Nobel  brand.  About  800  motors  have  been  made;  the  author  saw 
several  at  work. 

The  well-known  firm  of  Nobel  in  St.  Petersburg  also  made  portable 
oil  engines  of  their  own  design  for  some  years.  In  these  the  exhaust, 
admission,  and  oil  valves  were  all  connected,  and  when  the  centrifugal 
governor  acted  upon  the  former,  all  three  were  held  closed  The  oil 
was  drawn  under  pressure  from  a  receiver  by  a  plunger  pump  worked 
from  the  valve  shaft,  forced  into  the  air  chamber,  where  the  level  was 
maintained  constant  by  a  float,  and  thence  to  the  admission  valve  of  the 
engine.  A  small  rotary  pump  circulated  the  cooling  water.  The  con- 
sumption of  oil  of  0*81  specific  gravity  was  1*4  lbs.  per  B.H.P.  hour 
in  an  8  H.P.  engine.  MM.  Nobel  are  now  makers  of  the  Diesel 
engine. 

The  firm  of  Beohstein  in  Altenburg  make  horizontal  and  vertical 
four-cycle  engines  for  use  with  benzine,  alcohol,  or  heavy  petroleum, 
chiefly  the  lighter  oils.  The  valves  are  driven  by  cams  from  the  lay 
shaft  in  the  usual  way.  No  vaporiser  is  required  with  benzine  or 
alcohol;  the  spirit  is  drawn,  cold,  from  an  air-tight  receiver,  through 
which  a  blast  of  air,  regulated  by  the  suction  stroke  of  the  motor  piston, 
is  passed.  The  air  becomes  saturated  with  the  benzine  in  its  passage, 
and  the  explosive  charge  is  thus  generated  per  stroke  as  required.  The 
receiver  is  filled  at  starting  from  a  small  pump;  the  consumption  of 
benzine  is  said  to  be  about  I  lb.  per  B.H.P.  hour.  Some  engines  are 
fitted  with  a  carburator,  in  which  the  benzine  is  pulverised,  before 
mixing  it  with  the  air.  When  ordinary  petroleum  is  used,  a  small 
quantity  is  regularly  drawn  per  stroke,  and  sent  to  the  vaporiser  from 
the  receiver  by  a  little  plunger  pump.  The  vaporiser  is  heated  by  a 
lamp.  The  governor  acts  on  the  admission  valve,  and  regulates  the  con- 
sumption of  oil  according  to  the  load.  Ignition  in  engines  driven  with 
light  oils  is  generally  electric,  to  avoid  the  danger  of  an  external  flame, 
but  engines  up  to  4  H.P.  have  hot- tube  ignition.  For  benzine  and 
alcohol  the  engines  are  made  vertical  from  ^  to  4  H.P.,  and  run  at 
450  to  500  revolutions  per  minute,  horizontal  from  1  to  20  H.P.,  with 
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■a  moderate  speed  of  250  to  160  revolutions  per  minute.  Portable 
engines  are  made  in  eight  sizes,  from  2  to  12  H.P. 

The  construction  of  several  small  oil  engines — viz.,  the  Molitory 
Konig  Friedrioh  August  Hutte,  Batske,  Saohsenburger  Masohinen 
Fabrik,  Hermann^  JanuBOhek,  and  Waibel — has  now  been  given  up. 
A  description  of  them  will  be  found  in  the  Third  Edition  of  this  book. 
Oerman  engine  builders  appear  to  devote  more  attention  to  the  manufac- 
ture of  engines  to  be  driven  with  light  volatile  oil,  benzine,  alcohol,  dec., 
than  ordinary  heavy  petroleum,  and  the  former  class  of  motor  is  in  great 
and  increasing  demand  for  portable  engines,  threshing,  rolling,  small 
manufactures,  itc, 

Hille. — The  Dresdener  Gas-Motoren  Fabrik  (Hille's  patent)  have 
frequently  exhibited  oil  engines  in  sizes  varying  from  1  to  8|  B.H.P., 
And  a  stationary  and  a  portable  engine  at  Berlin  in  1894 ;  they  have, 
they  say,  5,500  of  their  oil  and  gas  motors  at  work.  Like  many  other 
German  firms  they  make  several  classes  of  oil  engines,  for  use  with  heavy 
petroleum,  benzine,  alcohol,  and  acetylene.  Ignition  is  by  hot  tube  in 
the  petroleum  motors.  The  oil  falls  from  a  receiver  above  to  a  double- 
seated  automatic  valve,  which,  when  lifted  by  the  pressure  in  the 
cylinder,  allows  a  current  of  air  to  enter,  and  carries  with  it  the  small 
valve  admitting  oil  through  a  nozzle  or  holes  into  the  valve  chamber 
below.  The  latter,  which  also  serves  as  the  vaporiser,  is  placed  im- 
mediately over  the  ignition  tube,  and  both  are  heated  by  the  same  lamp. 
The  charge  of  oil  vapour  and  air  passes  thence  to  the  cylinder  through  the 
admission  valve,  upon  which  the  governor  acts  by  a  hit-and-miss  arrange- 
ment, to  regulate  the  speed.  Usually  the  admission  valve  is  opened 
from  an  intermediate  shaft  running  at  half  speed,  by  a  cam  and  levers, 
which  act  on  a  collar  and  knife  edge  sliding  up  and  down  the  valve-rod. 
If  the  normal  speed  is  exceeded,  the  governor  brings  another  projection 
into  play,  and  causes  the  knife  edge  to  miss  the  opening  of  the  valve. 
The  admission  and  exhaust  valves  are  held  on  their  seats  by  springs,  the 
exhaust  being  the  weaker  spring  of  the  two.  If  the  admission  is  held 
closed  by  the  governor,  the  exhaust  is  automatically  lifted  by  the  pres- 
sure in  the  cylinder,  and  only  burnt  products  are  re-introduced  until  the 
speed  is  reduced.  In  another  method  the  governor  interposes  the  knife 
blade  below  the  exhaust  valve-rod,  and  thus  prevents  it  from  closing.  A 
second  cam  on  the  intermediate  shafc  holds  open  the  exhaust  during  the 
^compression  stroke,  when  starting  the  engine.  In  the  vertical  type  the 
air  and  oil  are  introduced  in  the  same  way  as  in  the  Capitaine  and  the 
Seek.  A  small  quantity  of  oil  is  sent  by  a  pump,  together  with  a  little 
air,  into  the  vaporiser,  a  horizontal  chamber  heated  by  a  lamp,  at  the 
side  of  and  open  to  the  cylinder.  More  air  is  added  through  an  auto- 
matic valve  at  the  top,  and  it  is  the  addition  of  this  air  which  renders 
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the  charge  inflAmmable.  The  next  oompression  stroke  drives  the  mix- 
ture back  into  the  vaporiser,  where  it  is  fired,  and  the  usual  cycle  carried 
out. 

In  the  benzine  motor  the  volatile  oil  is  vaporised  in  an  apparatus 
similar  to  that  in  the  Deutz-Otto  engine,  shown  at  Fig.  150.  A  small 
pump  is  used  to  fill  the  receiver,  and  air  is  drawn  through  it  by  the 
suction  of  the  piston,  and  passes  to  the  engine  saturated  with  oil  vaponr. 
The  mixture  requires  to  be  further  diluted  with  air  before  the  charge  is 
fit  for  use.  Safety  valves  and  wire  gauze  prevent  the  flame  from  striking 
back  to  the  receiver,  and  the  carburetted  air  is  also  drawn  through  a 
layer  of  pebbles  on  its  way  to  the  motor.  The  receiver  is  heated  by  hot 
water  at  starting,  and  the  exhaust  gases  can  also  be  utilised  for  this 
purpose,  if  necessary. 

At  the  Berlin  trials  of  1902  an  engine  driven  with  alcohol  was  shown 
by  the  Dresdener  Fabnk.  In  this  type  the  alcohol  and  air  are  admitted 
through  an  automatic  valve  opened  during  the  suction  stroke  by  the 
vacuum  in  the  cylinder.  The  current  of  air  is  drawn  in  at  right  angles 
to  the  alcohol,  and  pulverises  it ;  the  receiver  is  surrounded  by  a  jacket,^ 
through  which  the  cooling  water  at  a  temperature  of  140**  F.  is  led,  and 
the  alcohol  thus  heated  before  admission.  The  quantity  passing  to  the 
cylinder  per  stroke  is  regulated  by  a  screw  at  the  junction  of  the  alcohol 
and  air  passages.  Groveming  is  on  the  ^'hit-and-miss"  principle.  The 
engine  is  made  horizontal,  in  sizes  from  1  to  50  B.H.P.,  vertical  from  1 
to  8  H.P.,  and  runs  at  250  to  150  revolutions  per  minute.  The  portable 
type  is  made  from  2  to  12  H.P.  (see  Tests,  Nos.  47  and  58,  Table  9). 

Iiiitzky. — The  vertical  benzine  motor,  formerly  made  by  the 
Maschinen-Bau  Gesellschaft  Nuremberg,  was  similar  to  the  Liitzky  gas 
engine,  with  the  addition  of  a  vaporiser.  The  benzine  was  conveyed  to 
the  engine  in  a  liquid  state,  and  evaporated  per  stroke  as  required.  The 
air  was  drawn  in  by  the  suction  of  the  piston.  The  oil  was  injected  on 
to  a  small  wheel  with  vanes,  inside  the  mixing  chamber,  which,  being 
kept  in  rapid  motion  by  the  current  of  air,  caught  the  benzine  as  it  fell, 
sprayed  it  into  the  air,  and  the  two  were  thoroughly  mixed.  The  charge 
then  entered  the  cylinder,  and  was  compressed,  ignited,  and  discharged 
in  the  usual  way.  In  the  6  B.H.P.  engine  exhibited  at  Erfurt  the  con* 
sumption  was  0*88  lb.  of  oil  per  B.H.P.  hour,  and  the  speed  of  the 
engine  190  revolutions  per  minute. 

The  Buda-Festh  Masohinen-Fabrik  formerly  made  vertical  engines 
on  Scherfenberg's  patent,  of  the  usual  four-cycle  type,  worked  with 
ordinary  petroleum  ;  but  their  construction  has  now  been  g^ven  up* 
A  description  will  be  found  in  the  Third  Edition.  This  firm  is  now 
affiliated  to  the  Augsburg  Maschinen-Fabrik,  and  are  makers  of  the 
Diesel  engine  for  Hungary. 
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Dopp. — ^The  oil  engine  made  by  Herr  Dopp,  of  Berlin,  is  vertical,  in 
sizes  from  1  to  12  H. P.  Herr  Dopp,  who  has  stndied  the  theory  of  in- 
ternal combustion  motors,  constructs  his  engines  on  a  well  thought  out- 
and  somewhat  novel  principle.  No  attempt  is  made  to  pulverise  the  oil, 
as  is  usually  done.  Each  charge  of  liquid  oil  is  separately  converted  into 
vapour  without  any  air,  and  highly  superheated,  before  it  is  admitted  in 
finely-divided  currents  to  the  combustion  space,  and  mixed  in  the  usual 
way.  The  air  for  combustion  cools  it  a  little,  but  it  is  already  at  so  high 
a  temperature,  and  so  short  a  time  is  allowed  for  ignition,  that  the  oil 
vapour  does  not  fall  to  condensation  point.  In  his  paper  Herr  Dopp 
notes  the  regularity  of  the  combustion  obtained  by  this  method,  as 
shown  by  indicator  diagrams,  twenty  of  which  covered  each  other,  thua 
proving  the  purity  of  the  charge.  Even  with  20  per  cent,  miss-fires, 
similar  diagrams  were  obtained.  The  quantities  of  air  and  of  combust- 
ible are  carefully  regulated,  and  do  not  vary.  A  small  sensitive  oil 
pump,  with  adjustable  screw,  sends  on  the  liquid  oil  to  the  vaporiser 
through  a  hopper,  the  feed  of  which  is  visible.  The  exhaust  can  also  be 
seen,  and  the  composition  of  the  burnt  products  affords  a  reliable  indica- 
tion of  the  combustion,  whether  perfect  or  not ;  thus  the  engineer  can 
regulate  the  whole  process.  In  the  engine  shown  at  Berlin  in  1896,  the 
exhaust  was  found  to  be  quite  clean.  Experiments  by  the  makers  on  a 
6  B.H.P.  engine  gave  a  consumption  of  0*53  lb.  of  oil  per  B.H.P.  hour,  a 
very  good  result  when  the  size  of  the  engine  is  considered.  A  10  B.H.P. 
engine,  officially  tested,  gave  a  consumption  of  0*43  lb.  oil  per  B.H.P. 
hour,  including  the  oil  for  the  lamp.  According  to  the  inventor,  the 
cleanliness  obtained  in  the  cylinder  is  even  more  important  than  the- 
low  consumption  of  oil,  and  he  cites  a  2  H.P.  engine  which,  when  at 
work,  did  not  require  cleaning  for  a  year  and  a  half.  The  engine  is  said 
to  work  quietly,  with  great  regularity,  and  without  vibration.  It  is 
made  in  sizes  from  1  to  20  H.P.,  with  a  speed  of  360  to  220  revolutions- 
per  minute,  and  is  one  of  the  few  German  engines  adapted  to  work  with 
ordinary  petroleum.     It  is  also  driven  with  benzine  and  alcohol. 

Bussian  Engines. — Special  attention  has  of  late  years  been  paid  in 
Russia  to  oil  motors,  and  many,  all  of  German  type,  were  shown  at  the 
Nishni  Novgorod  Exhibition  in  1896.  A  vertical  two-cylinder  engine- 
by  Bromley^  of  Moscow,  had  an  enclosed  base  partly  filled  with  oil,  into 
which  the  crank  dipped,  and  lubricated  the  engine.  The  motor  was  of 
the  usual  type,  with  vertical  valve  shaft  driving  the  exhaust  and  oil 
pump,  the  air  and  admission  valves  being  automatic.  The  oil  entered 
from  above,  and  drew  a  small  quantity  of  air  with  it  into  the  vaporiser, 
which  was  heated  at  starting  by  a  lamp,  afterwards  only  by  the  heat 
of  explosions.  The  bulk  of  the  air  entered  below,  the  compression 
stroke  drove  the  charge  back  into  the  vaporiser,  and  ignition  followed. 
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A  piston  valye  forming  the  oil  pomp  sent  on  a  given  quantity  of  petro- 
leum to  the  mixing  valve  from  a  receiver,  where  it  was  maintained  at  a 
•constant  level.  The  governor  acted  bj  varying  the  stroke  of  the  pump. 
A  7*64  B.H.P.  engine  was  tested  by  Professor  Zemow,  in  which  the  con- 
sumption was  1*1  lbs.  oil  per  RH.P.  hour. 

MM.  Iiiphardt,  of  Moscow,  have  also  made  oil  engines,  both  station- 
ary and  portable*  of  the  Altmann  type.  This  firm  is  well  known  in 
Russia  as  makers  of  agricultural  motors ;  their  portable  engines  are  of 
the  usual  kind,  with  cooling  water  arrangements  on  the  Grob  system. 
In  the  vertical  engine  the  valve  shaft  drives  the  exhaust  and  admission 
valves  by  cams.  The  oil  passes  from  a  Marriotte  bottle,  where  the  pres- 
jBure  is  always  constant,  to  the  cylinder,  is  vaporised  against  the  hot  walls 
of  the  compression  space,  and  fired  on  reaching  the  ignition  tube.  The 
latter  is  heated  by  a  lamp  fed  with  oil  from  a  separate  receiver,  and  has 
no  timing  valve.  There  are  auxiliary  cams  to  start  the  engine,  and  the 
Porter  governor  acts  on  the  exhaust.  This  engine  was  also  tested  by 
Professor  Zemow,  and  gave  a  consumption  of  1*3  lbs.  oil  per  B.H.P.  hour. 
A  similar  engine  was  exhibited  by  Jakowlew,  of  St.  Petersburg,  and  a 
motor  of  the  Altmann  type  was  also  shown  by  Maohtsohinki,  of  War- 
-saw.  The  Kablitz  is  another  small  oil  engine,  made  both  two-  and  four- 
cycle, but  Russian  engine  builders  seem  of  late  years  to  have  devoted 
rmore  attention  to  the  development  of  Carman  engines,  as  the  Diesel, 
Koerting,  &c. 

F^tr^ano  Vaporiser. — ^One  of  the  defects  of  internal  combustion 
•engines,  which  has  not  been  wholly  overcome,  is  the  imperfect  mixing  of 
the  charge,  causing  after-combustion.  M.  P^tr^ano,  who  is  an  authority 
on  the  subject,  maintains  that,  if  the  mixture  of  gas  or  oil  and  air  be 
properly  prepared,  the  flame  often  seen  at  the  mouth  of  the  exhaust  valve 
-disappears,  because  combustion  is  completed  at  the  moment  of  explosion. 
The  charge  should  be  perfectly  mixed  before  entering  the  working 
•cylinder  of  an  engine,  as  combustion  proceeds  so  rapidly  afterwards  that 
no  mixing  is  poBsible. 

To  remedy  the  defect  of  imperfect  mixing,  M.  Pitr^ano  introduced  a 
•carburator  or  vaporiser,  consisting  of  a  vertical  cylindrical  vessel,  through 
the  centre  of  which  a  pipe  carried  the  hot  exhaust  gases  from  the  engine, 
to  discharge  to  atmosphere.  This  pipe  was  surrounded  with  wire  gauze, 
and  the  annular  space  between  the  gauze  and  the  outer  walls  of  the 
vaporiser  was  divided  into  compartments  by  diagonal  wire  gauze  fannels, 
•connected  alternately  to  one  or  the  other  side.  The  oil  or  other  liquid 
dropped  into  the  top  of  the  vaporiser,  and  drew  in  with  it  a  sufficient 
supply  of  air  to  break  it  up.  The  mixture  was  carried  downwards,  then 
upwards,  through  and  between  the  funnels,  and  the  oil  first  vaporised  by 
contact  with  the  hot  wire,  then  broken  up  and  thoroughly  mixed  with 
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the  air,  by  the  eddying  motion  produced  by  the  openings  in  the  funnels. 
The  quantities  of  oil  and  air  admitted  were  carefully  regulated ;  the 
heavy  residuum  drained  off  down  the  funnels  to  the  bottom  of  the 
vaporiser.  This  apparatus  was  tested  with  Dr.  Slaby's  experimental  16- 
H.P.  Otto  engine  in  the  Charlottenburg  Laboratory  in  1897;  24  H.P. 
was  obtained  on  the  brake  with  the  P^tr6ano  vaporiser,  or  50  per  cent. 
increase  in  power,  and  the  consumption  was  450  litres  »  14*8  cubic  feet 
of  gas  per  B.H.P.  hour.  A  stronger  and  more  certain  explosion  was 
procured,  and  the  explosive  pressure,  as  shown  by  the  indicator  diagrams, 
rose  from  9  to  12  atmospheres  b  128  to  170  lbs.  per  square  inch.  Accord- 
ing to  M.  P^tr^ano,  the  speed  depends  on  the  composition  of  the  charge,. 
because  with  the  usual  method  time  must  be  allowed  for  combustion 
during  the  stroke,  but  with  a  perfectly-mixed  charge  combustion  is  in- 
stantaneous, and  no  such  interval  is  required. 

The  principle  of  this  apparatus  has  been  more  or  less  adopted  in* 
several  modem  vaporisers,  but  it  does  not  seem  to  have  found  much 
favour  as  a  separate  carburator,  and  the  economy  claimed  for  it  is  hardly 
realised  when  the  vaporiser  is  applied  to  engines  of  modern  type. 
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CHAPTER  XXIV. 
PRACTICAL  APPLICATIONS  OF  GAS  AND  OIL  ENGINES. 

Contents.— Electrio  Lighting^^tationB  in  England  and  Abroad — ^Waterworks — 
Tramways  driven  by  Gas — Gas  Engines  for  Electrio  Traction — Boats  for 
Rivers  and  Lakes — Gapitaine — Daimler — Priestman— Yosper — Griffin — ^Foreign 
Marine  Engines — Portable  Engines — Trials  at  Berlin — Meaox — Cambridge — 
Second  Berlin  Trials — Road  Motor  Gars — Daimler — Roots. 

A  GREAT  impulse  has  been  given  to  industrial  development  by  the  appli- 
•cation,  to  many  purposes,  of  engines  driven  by  lighting,  power,  and  blast- 
furnace gases,  and  by  oil.  The  advantages  of  these  motors  over  steam 
for  small  powers,  or  where  motive  force  is  only  required  intermittently, 
have  been  manifest  for  many  years.  It  remains  to  summarise  and  re- 
capitulate the  uses  to  which  the  power  thus  obtained  has  been  applied, 
and  these  are  so  many  and  varied  that  the  extensiye  utilisation  of  gas 
and  oil  engines  has  produced  a  great  change  in  our  present  system  of 
generating  power.  It  has  been  said  by  more  than  one  student  that 
the  nineteenth  century  was  the  age  of  steam ;  the  twentieth  will 
probably  witness  the  evolution  of  the  gas  engine.  In  the  extraordinary 
development  of  large  power  engines  driven  with  cheap  or  poor  gas,  the 
Germans  and  the  Cockerill  firm  at  Seraing  may  be  said  to  have  been 
pioneers ;  while  in  France,  and  especially  in  England,  the  construction 
of  engines  of  medium  size,  driven  sometimes  interchangeably  with  oil  or 
gas,  has  greatly  increased.  Hundreds  are  now  turned  out  every  month, 
whereas  some  years  ago  they  were  counted  only  by  tens.  Under  the 
head  of  the  various  engines  an  attempt  has  been  made  to  describe  the 
immense  number  of  applications  of  gas  and  oil  in  countries  so  widely 
apart  as  Spain,  Siberia,  Korea,  and  Peru. 

Eleotric  Ijighting. — The  competition  of  electricity  with  town  gas  as 
a  means  of  illumination  threatened  the  prosperity  of  the  gas  companies 
some  years  ago.  Since,  however,  motive  power  is  required  to  generate 
electricity,  and  is  conveniently  obtained  by  driving  the  engines  and 
dynamos  with  lighting  gas,  this  method  of  utilising  the  output  of  gas 
has  been  adopted  by  several  companies.  The  advantages  of  thus  pro- 
ducing electricity  have  long  been  realised.  As  it  is  usually  required  only 
during  a  certain  number  of  hours  in  the  twenty-four,  the  production  may 
be  intermittent,  and  the  engines  stopped  for  a  time  without  incurring 
any  cost,  as  with  steam.     Or  the  gas  may  be  utilised  for  other  purposes 
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during  the  day,  as  is  ofken  done  in  country  houses,  where  it  furnishes 
the  motive  power  for  pumping  water,  sawing,  threshing,  and  other  agri- 
cultural operations,  and  after  dark  the  engines  drive  the  dynamos. 
Although  a  means  is  thus  found  of  utilising  gas,  this  method  is  not  as 
economical  as  where  the  engines  are  driven  by  cheap  or  power  gas,  such 
as  Dowson,  Lencauchez,  Mond,  ^.,  and  for  all  larger  gas-engine  plants 
the  latter  system  has  been  almost  universally  adopted.  The  great 
■development  of  gas  producers  has  given  a  fresh  impetus  to  gas  engines 
for  generating  electricity.  At  Munster,  where  electricity  for  the  town  is 
supplied  by  four  200  H.P.  Deutz  gas  engines,  the  demand  regulates  the 
supply.  If  much  gas  coke  is  required,  more  gas  is  produced,  and  used  to 
drive  the  engines ;  if  less  is  wanted,  the  coke  is  burnt  under  generators, 
and  the  engine  driven  with  producer  gas. 

Another  new  feature  is  the  introduction  of  suction  gas  producers, 
which  give  the  same  marked  economy  of  combustible  as  the  pressure  gas 
producers,  as  compared  with  dynamos  driven  by  steam  engines,  while  the 
complication  of  a  boiler  and  holder  is  eliminated.  All  the  principal 
makers  in  England  and  abroad  build  gas  engines  for  electric  lighting,  in 
which  governing  by  delicately-graduated  admission  is  adopted,  and  the 
engine  made  to  respond  to  the  smallest  variations  in  the  load. 

The  electric  light  station  driven  by  town  gas,  set  up  at  Dessau  in 
1886,  was  probably  one  of  the  first ;  such  plants  are  now  very  widely 
distributed.  At  Rheims  electricity  ibr  lighting  the  town,  &c.,  is  pro- 
vided by  five  Niel  engines,  two  of  50  H.P.,  two  of  80  H. P.,  and  one  of  45 
H.P.,  driven  by  town  gas.  A  test  was  made  by  Professor  Witz  on  an 
electric  lighting  plant  at  Roubaix,  where  the  electricity  is  generated  by 
two  Tangye  single-cylinder  engines,  of  28  and  36  I.H.P.  respectively. 
Engines  for  this  kind  of  work  were  at  first  connected  by  belting  to  the 
dynamos,  but  the  latter  are  now  directly  coupled  to  the  crank  shaft,  and 
of  late  years  the  engines  have  even  been  coupled  direct  to  alternators 
driven  in  parallel.  The  subject  is,  however,  much  too  large  to  be  dis- 
missed in  a  few  sentences,  and  a  separate  treatise  would  be  required  to 
do  justice  to  the  immense  development  of  gas  engines  for  generating 
electricity.  The  various  references  to  it  under  the  head  of  the  different 
types  will  show  that  gas  motors  of  almost  all  sizes  and  kinds,  driven  with 
town  or  power  gas,  or  in  a  few  instances  with  blast-furnace  gases,  now 
drive  dynamos  to  furnish  electricity  for  lighting  towns,  factories,  mills, 
public  buildings,  private  houses,  dsc,  both  in  Europe  and  America.  A 
few  typical  examples  of  the  most  modern  applications  are  all  that  can 
here  be  noticed. 

Of  Crossley  engines  there  are  four,  each  of  160  H.P.,  at  Tunis,  six 
of  40  H.P.  at  Puteaux,  and  two  of  100  H.P.  at  Cannes,  all  worked  with 
Pierson  gas.     The  number  driven  with  Dowson  gas  is  very  large;  an 
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important  installation  ia  at  Leioeeter,  where  six  Crosslej  engines  develop 
a  total  of  340  H.P.  At  the  Ryde  Electricity  Works  (see  p.  102)  there 
are  two  Tangye  three-cylinder  vertical  engines,  each  of  200  B.H.P., 
coupled  direct  to  the  dynamos.  At  the  electric  station  at  Waltham- 
stow  four  100  H.P.  Westinghouse  engines  are  now  working,  and  three 
more  are  in  hand,  bringing  up  the  total  to  1,650  H.P.  Westinghouse 
engines  giving  about  1,200  H.P.  furnish  electric  light  at  Smallfields, 
and  there  are  numerous  smaller  installations,  ranging  from  900  H.P. 
to  16  H.  P.,  all  worked  with  Dowson  gas.  A  total  of  600  H.P.  ia 
developed  by  Dowson  suction  gas  producers. 

Coming  to  foreign  engines,  many  important  electric  works  in 
Germany  are  provided  with  Deutz  engines  driven  with  lighting  gas ;  a 
notable  example  is  at  Fiirth,  where  electricity  is  generated  by  two  200 
H.P.  Deutz  engines.  More  than  500  electric  stations  in  Germany 
and  elsewhere  are  worked  with  Deutz  engines  and  producer  gas. 
Of  these  the  chief  are  the  B&le  Works  with  four  two-cylinder  motors, 
three  of  which  develop  300  H.P.,  and  one  350  BLP.,  all  directly 
coupled;  and  the  electrical  station  at  Munster,  served  by  four  200 
H.P.  two-cylinder  Deutz  engines.  Another  interesting  plant  is  at  Rade 
in  Schleswig-Holstein,  where  electricity  is  provided  by  three  125  H.  P. 
Deutz  engines,  worked  with  coke-oven  gas.  Besides  many  four-cycle 
engines  driving  dynamos,  MM.  Koerting  have  made,  or  have  in  hand, 
two-cycle  engines  developing  15,000  H.P.  driven  with  blast-furnace 
gases,  nearly  5,000  H.P.  with  producer  gas,  and  600  H.P.  with  ooke- 
oven  gas,  to  supply  electricity  for  lighting  and  power.  For  these  pur- 
poses, suction  gas  producers  are  much  used  abroad.  Blast-furnace 
engines  develojp  such  large  powers  that  they  are  only  incidentally 
utilised  for  electric  lighting,  and  subserve  also  many  other  uses,  for 
which  electricity  in  large  works  is  required.  (See  various  notices  to 
this  effect  in  Chapter  xii.)  MM.  Borsig  have  made  Oechelhaueser 
engines  to  drive  dynamos  developing  4,500  H.P.,  several  of  which  are 
worked  with  Mond  gas.  According  to  Mr.  Humphrey  nearly  four-fifbhs 
of  all  the  Oechelhaueser  engines  made  are  built  with  this  object.  The 
first  Diesel  engine  for  electric  lighting  was  supplied  in  1903  to  the  town 
of  Aichach,  where  there  are  now  two  of  96  H.P.,  driven  by  paraffin 
distilled  from  German  brown  coal.  Each  engine  drives,  by  belting,  a 
dynamo  making  600  revolutions  per  minute.  At  Eschweiler,  near 
Alsdorf,  electricity  is  generated  by  four  Nuremberg  engines  (Augsburg 
Maschinen-Fabrik  and  Nuremberg  Maschinen-Bau  Gesellschaft),  develop- 
ing a  total  of  over  3,000  H.P.,  and  driven  with  coke-oven  gas  of  about 
336  B.T.XJ.  per  cubic  foot.  Mention  has  already  been  made  of  the  large 
Nuremberg  plant  at  Madrid,  worked  with  Mond  gas.  Five  Nuremberg 
engines,  directly  coupled,  with  a  total  of  1,600  H.P.,  provide  electric  light 
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at  Scheveningen,  and  one  of  350  H.P.  at  Pisa,  all  driven  with  power  gas. 
The  Schweizerische  Mascbinen-Fabrik,  Winterthur,  have  furnished  forty- 
two  engines,  developing  1,350  H.P.  In  France  there  are  many  plants 
worked  with  Niel,  Letombe,  and  Oharon  engines  (see  a  typical  example  of 
Charon  motors  at  p.  145).  A  smaller  type  is  the  Duplex,  of  which  eleven 
engines,  driven  with  petrol  or  alcohol,  are  applied  to  electric  lighting. 

Waterworks. — ^The  application  of  gas  engines  on  a  large  scale  to 
waterworks  hza  been  already  noticed.  In  England  there  are  many 
water  pumping  stations  worked  by  engines  driven  with  Dowson  gas. 
Of  these  two  are  20  H.P.  Grossley  engines  at  the  Oounty  Asylum, 
Gloucester.  At  Godalming  Waterworks  there  are  two  18  H.P.,  at  Ross 
(Hereford)  a  30  H.P.,  and  at  Teignmouth  two  16  H. P.  Grossley  engines, 
all  driven  by  Dowson  gas.  The  Uxbridge  pumping  station,  worked  by 
Atkinson  engines,  has  been  mentioned,  and  there  is  another  plant 
at  Kenilworth.  Other  applications  are  at  Wellington,  Stevenage,  and 
Marlborough,  in  all  of  which  Grossley  engines  are  used.  There  are 
many  stations  in  England  where  gas  engines  are  used  for  pumping 
sewerage.  Messrs  Grossley  have  put  up  several  large  sewerage-pumping 
gas  engines  for  the  London  Oounty  Oouncil.  Messrs.  Tangye  have 
erected  many  pumping  engines  for  waterworks,  sewerage,  and  drainage, 
both  for  small  and  large  powers,  and  especially  a  plant  of  several  120 
H.P.  engines  at  the  Sunderland  Docks,  with  pumps  each  discharging 
2,600  tons  of  water  per  hour.  Mills  are  also  driven  by  gas  engines. 
At  Laval  in  France  power  for  the  waterworks  is  generated  by  a  60 
B.H.P.  Simplex  engine,  driven  by  Lencauchez  gas.  Duplex  engines  have 
also  been  utilised  for  pumps,  and  fifteen  driven  with  petrol  or  alcohol 
are  now  at  work.  But  it  is  in  Germany  that  the  system  has  been  most 
widely  applied,  and  the  water  supply  in  small  towns  much  improved. 

Engines  for  pumping  water  may  be  divided  into  four  classes,  accord- 
ing  to  their  motive  power,  whether  driven  by  lighting  gas,  power  gas, 
petroleum,  or  by  benzine,  volatile  oil,  or  alcohol  (on  the  Gontinent). 
In  compactness,  economy,  absence  of  a  chimney  or  boiler,  and  little 
attention  required,  they  all  possess  great  advantages  over  steam. 
Another  recommendation  is,  that  if  the  water  pumps  are  worked  by 
engines  using  town  gas,  not  only  are  the  gas  companies  benefited,  but 
the  output  is  equalised,  more  water  and  less  gas  being  required  in 
summer,  while  in  winter  the  proportions  are  reversed.  Taking  a  mean 
of  several  towns  in  Germany,  it  has  been  found  that  in  summer  from 
14  to  30  per  cent,  of  the  total  output  of  gas  is  required  for  the  engines 
driving  the  waterworks,  and  in  winter  only  from  1  to  2  per  cent. 

The  first  waterworks  in  Germany  driven  by  gas  engines  were  those 

of  Diiren,  in  1885,  and  other  towns  have  not  been  slow  to  follow.     The 

power  was  transmitted  to  the  pumps  through  wheels,  but  pulleys  and 
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belting  are  nov  generally  used,  and  among  the  latest  developments  are 
the  quick-running  Riedler  pumps,  coupled  direct  to  the  gas  engine.  In- 
engines  driven  by  generator  or  power  gas,  in  towns  already  supplied 
with  lighting  gas,  as  at  Basle,  gas  coke  can  be  utilised ;  but  it  is  usual 
also  to  connect  the  engines  to  the  gas  mains,  that  they  may  be  started 
quickly  and  easily  in  case  of  emergency.  In  smaller  towns,  where  there 
is  no  gas,  and  not  much  power  is  required,  petroleum  or  benzine  may 
be  employed  to  drive  the  pumping  engines.  With  benzine,  as  with 
lighting  gas,  the  engine  can  be  started  without  previous  heating. 

Of  the  two  foregoing  tables,  the  first,  compiled  from  data  in  the 
Zeitschrift  des  Vereinea  deutscher  Inghiieu/re,  March  16,  1895,  gives  par- 
ticulars of  some  of  the  principal  towns  in  Germany  where  the  water- 
works are  driven  by  Otto  gas  or  oil  engines,  chiefly  by  belting  or  ropes. 
At  the  present  time  (1905)  the  Gas-Motoren  Fabrik  Deutz  have  supplied< 
engines  to  260  towns  and  private  waterworks,  developing  a  total  of 
5,000  H.P.  The  second  Table  shows  some  of  the  towns  in  which  the 
water  is  pumped  by  Koerting  gas  or  benzine  engines.  The  Schweizerische 
Maschinen-Fabrik  have  also  four  engines  for  the  waterworks  at  Oairo,. 
giving  UO  H.P. 

The  actual  consumption  in  these  engines  varies  considerably  with, 
the  height  to  which  the  water  is  raised,  <fec.,  but  the  following  is  about 
the  maximum  and  minimum  : — 

1  lb.  gas  coke  will  raise  from  4,750  to  7,000  lbs.  water  to  a  height  of 
131  feet. 

1  cubic  foot  lighting  gas  will  raise  from  310  to  560  lbs.  water  to  a- 
height  of  131  feet. 

1  lb.  oil  or  benzine  will  raise  from  7,500  to  12,000  lbs.  water  to  a 
height  of  131  feet. 

A  special  application  of  gas  engines  to  pump  oil  through  many  miles  of 
pipes  is  at  Baku  on  the  Caspian,  where  a  large  plant  is  served  by  Diesel 
engines  (see  p.  470).  A  drawing  of  one  of  the  pumping  stations  will  be 
found  in  the  ZeiUchrift  des  VereiJies  deutscher  Inginieure,  1903,  No.  38. 
The  pipe  line  has  been  laid  to  convey  oil  from  Baku  to  Batoum,  a  distance 
of  620  miles,  the  gradients  of  the  line  being  steep.  There  are  thirteen 
stations,  delivering  1,000,000  tons  of  petroleum  per  year,  at  Batoum,  at 
a  pressure  of  50  atmospheres  »  700  lbs.  per  square  inch,  and  five  of  these 
stations  are  provided  with  Diesel  engines.  One  has  three  100  H.P. 
engines;  the  other  four  stations  have  four  two-cylinder  engines,  each 
developing  150  to  180  H.P.  Each-  engine  is  coupled  to  two  Riedler 
differential  pumps.  A  small  pump  circulates  the  cooling  water  in  a 
contrary  direction  to  the  petroleum,  the  pressure  of  which  creates  a 
current  of  air,  thus  reducing  the  temperature  of  the  water. 

Tramways  Driven  by  Gas. — The  use  of  gas  for  street  traction  is* 
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■an  application  of  motive  power  which  appears  capable  of  extension, 
though  it  does  not  seem  jet  to  have  been  widely  employed.  The 
Luhrig  system  is  that  most  generally  adopted.  The  gas  is  drawn  from 
a  main,  compressed  by  a  stationary  gas  engine  to  the  required  pressure, 
and  the  reservoirs  of  the  trams  are  charged  with  it.  One  advantage  of 
this  method  of  providing  motive  power  is  that  in  most  towns  where 
tramways  are  used,  a  gas  main  is  always  available.  Tramcars  driven 
by  compressed  gas  are  also  self-contained,  and  carry  with  them  a  store 
of  motive  power  sufficient  to  last  for  a  considerable  time.  Steam 
tramways  are  rather  noisy,  and  the  exhaust  is  sometimes  objectionable  3 
electrically  propelled  cars,  although  so  much  in  favour  at  present,  re- 
•quire  overhead  wires,  or  other  methods  of  conveying  electricity,  while 
the  greater  expense  of  horse-drawn  cars  has  long  been  recognised.  The 
relative  cost,  as  given  by  Mr.  Oorbett  Woodall  some  years  ago,  was  one 
penny  per  mile  for  tramways  driven  with  compressed  gas,  twopence  per 
mile  with  electricity,  and  fivepence  per  mile  for  horse  traction. 

In  gas  tramcars  from  6  to  10  reservoirs  for  the  compressed  gas  are 
required,  containing  from  44  to  88  cubic  feet.  They  are  placed  beneath 
the  floor  of  the  carriages,  and  charged  with  a  supply  sufficient  to  run 
the  cars  about  8  miles.  About  8  per  cent,  of  the  total  quantity  of  gas 
•consumed  is  used  to  drive  the  fixed  engine  for  compressing  it.  An 
8  H.P.  engine  will  compress  2,100  cubic  feet  of  gas  per  hour  to  a 
pressure  of  about  8  atmospheres. 

There  are  two  systems  of  propelling  cars  by  compressed  gas,  that  of 
Ouilli^ron  and  Amrein  at  Neuchitel  in  Switzerland,  and  the  better 
known  Luhrig  system,  adopted  in  Germany.  At  Neucb&tel  the  tram- 
way is  worked  by  an  8  H.P.  gas  engine,  and  the  receivers  carry  sufficient 
gas  for  thd  double  journey,  3  miles  each  way.  The  consumption  is 
34  cubic  feet  of  gas  per  car  mile.  The  Luhrig  gas  traction  system 
invented  by  the  late  Herr  Luhrig  in  1893,  was  first  adopted  at  Dresden 
in  March,  1894.  The  principle  is  that  of  connecting  the  engine  to  the 
-carriage  by  means  of  friction  coupling,  controlled  by  the  driver.  The 
•carriage  can  be  stopped  by  clutches,  without  stopping  the  engine. 
Professor  Schbttler  gives  a  description,  with  diagrams,  of  the  Luhrig 
system  of  transmission  in  the  Zeitschrift  des  Vereinea  deutscher  Inginieure, 
August  24,  1895.  There  are  three  shafts,  each  connected  to  the  motor 
shaft  by  levers,  and  carrying  wheels  of  different  diameters.  By  shifting 
the  levers,  one  or  other  shaft  and  set  of  wheels  are  thrown  in  or  out  of 
gear.  The  motor  is  a  double-cylinder  9  H.P.  Otto  engine,  with  electric 
ignition.  There  are  three  speeds,  corresponding  to  almost  total  sup- 
pression of  gas ;  a  partial  supply,  with  a  speed  of  the  car  of  4J  miles  per 
hour ;  and  a  full  supply,  with  a  speed  of  9  miles  per  hour.  The  gas  is 
•carried  in  three  cylindrical  reservoirs,  and  a  fourth  holds  the  cooling 
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water ;  the  latter  is  placed  on  the  roof  of  the  carriage,  heneath  an  upper 
tier  of  seats.  The  water  descends  bj  gravity  to  the  cylinder  jackets, 
and  after  cooling  them  circulates  through  tubes  exposed  to  a  current  of 
air  produced  by  the  onward  motion  of  the  car.  In  all  gas  or  oil  engines 
used  for  propelling .  cars,  portable  engines,  road  carriages,  &c,  the  ar- 
rangements for  cooliug  the  water  form  an  important  feature. 

The  gas  tramway  at  Dresden  proving  successful,  another  plant 
worked  by  a  two-cylinder  10  H.P.  Otto  engine  was  laid  down  at  Dessau 
in  November,  1894.  The  line  is  nearly  3  miles  long,  and  the  supply  of 
compressed  gas  is  sufficient  for  a  distance  of  8  miles ;  the  consumption 
is  about  29*8  cubic  feet  of  gas  per  car  mile.  As  the  town  was  already 
lit  by  electricity,  it  was  originally  intended  to  have  an  electric  tramcar, 
but  as  this  involved  an  additional  station,  it  was  decided  to  utilise  the 
gas  from  the  mains.  The  average  speed  of  the  Dessau  tramway  is  about 
7^  miles  an  hour;  a  careful  study  of  it  was  made  by  Sir  Alexander 
Kennedy.  A  tramway  worked  by  gas  was  also  laid  down  in  July,  1896, 
between  Blackpool  and  St.  Anne's,  a  distance  of  7^  miles,  and  worked 
satisfactorily  for  some  time.  The  power  was  supplied  by  a  15  B.H.P. 
engine. 

A  later  application  of  gas  and  oil  engines  to  locomotion  is  to  drive 
the  dynamos  for  generating  electricity,  now  so  greatly  used  in  street 
tramcar  propulsion.  There  are  many  instances  of  this  abroad;  in 
England  it  does  not  seem  so  much  in  favour  at  present.  The  Zurich - 
Oerlikon  electric  tramways  are  worked  by  three  125  H.P.  Deutz  engines, 
directly  coupled  to  the  dynamos,  and  driven  by  producer  gas.  For  the 
tramways  at  Cassel  (France),  the  electricity  is  generated  by  five  26 
H.P.  OroBsley  engines,  driven  with  Pierson  gas.  A  Diesel  100  H.P. 
engine  for  electric  traction,  coupled  direct  to  the  dynamo,  is  said  to  be 
working  in  London.  The  Schweizerische  Maschinen-Fabrik,  Winter - 
thur,  have  supplied  a  100  H.P.  single-cylinder  and  a  200  H.P.  two- 
cylinder  engine  driven  with  poor  gas,  to  work  the  tramways  at 
Saint-Ouen  (Seine).  Trials  made  in  1902  gave  the'  consumption  at 
0*87  lb.  of  anthracite  per  B.H.P.  hour.  This  firm  have  also  built 
engines  of  440  H.P.  at  Berne,  and  of  220  H.P.  at  Bienne,  all  worked 
with  lighting  gas,  to  drive  the  electric  tramways  in  those  towns. 
Probably  the  most  important  installation  is  a  group  of  Diesel  engines, 
developing  nearly  2,000  H.P.,  to  work  the  street  tramcars  in  Kiefi 
(Russia). 

Boats  for  Biyers  and  Lakes. — During  the  last  ten  years  there 
has  been  a  great  development  of  internal  combustion  engines,  as  applied 
to  marine  propulsion.  One  of  the  first  vessels  thus  worked  was  a  cargo 
boat,  the  "Id^ale"  of  300  tons  burden,  which  plied  for  some  time 
between  Havre  and  Paris.     It  was  driven  by  a  40  H.P.  two-cylinder 
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Simplex  engine,  the  motive  power  being  supplied  by  gas  previonsly 
compressed  to  100  atmospheres.  The  vertical  pistons  were  set  at  an 
angle  of  90*  and  acted  downwards  upon  the  shaft  of  a  reversible  screw, 
on  the  M'Glasson  system.  The  compressed  gas  was  stored  on  the  bridge 
of  the  vessel  in  tubes,  similar  to  those  used  for  compressed  oxygen  in 
England.  From  thence  it  was  drawn  as  required,  the  pressure  reduced 
to  the  proper  strength  for  the  charge,  and  the  gas  mixed  with  air  in 
a  separate  chamber. 

It  is,  however,  with  oil  engines  that  the  greatest  progress  in  this 
direction  has  been  realised.  The  Capitaine  oil  launch  was  perhaps  the 
earliest  in  the  field,  and  is  now  well  known,  and  extensively  used.  It 
was  introduced  into  England,  and  a  launch  was  tested  at  Chester  in 
1891.  By  means  of  a  handle  attached  to  the  gearing,  the  motion  of  the 
boat  could  be  reversed  or  suspended;  in  the  more  modern  types  a 
reversible  propeller  is  also  sometimes  used.  This  launch  was  35  feet 
long  by  6  feet  10  inches  wide,  and  carried  50  passengers.  The  6^  H.P. 
engine  made  240  revolutions  per  minute ;  the  boat  ran  at  8^  knots  per 
hour.  In  these  little  oil  launches  the  motor  is  not  stopped  with  the 
boat)  but  simply  disconnected.  There  are  usually  two  vertical  cylinders 
in  the  centre  of  the  vessel,  with  the  oil  reservoir  under  the  bow,  and 
a  connection  to  the  boat  screw  shaft  at  the  stem.  The  exhaust  gases 
sometimes  escape  through  a  chimney  in  the  middle  of  the  boat, 
sometimes  they  are  carried  along  the  side,  and  discharged  at  the  stem. 
The  pressure  of  air  in  the  oil  receiver  is  maintained  by  a  pump  worked 
from  the  motor,  which  sends  the  oil  to  a  smaller  reservoir,  also  under 
pressure,  connected  to  the  cylinder.  Another  pump  supplies  water  for 
the  cooling  jacket.  The  Capitaine  launches  are  driven  by  ordinary 
petroleum.  As  now  built  in  large  numbers  by  Messrs.  Tolch,  of 
Fulham,  these  marine  engines  are  made  vertical  only,  in  sizes  from 
1  to  5  B.n.P.  single  cylinder,  up  to  30  B.H.P.  double  cylinder,  and 
60  B.H.P.  with  four  cylinders,  and  run  at  360  to  240  revolutions  per 
minute.  Nearly  six  hundred  have  been  supplied  to  various  govern- 
ments and  private  firms,  and  a  large  number  are  at  work  at  Hamburg, 
on  the  Rhine,  the  Thames,  in  Africa  on  the  Niger  and  the  Congo,  in 
Madagascar,  Palestine,  and  elsewhere.  They  are  fitted  to  launches, 
yachts,  lifeboats,  barges,  pinnaces,  &c. 

The  Daimler  petroleum  launch  is  an  application  of  the  Daimler 
engine  to  propel  a  boat,  with  special  apparatus  to  transmit  the 
power  to  the  screw.  It  has  been  largely  and  successfully  applied 
for  driving  small  boats.  The  author  inspected  one  of  these  little 
petroleum  launches  on  the  Thames  several  years  ago.  It  ran  quietly, 
with  no  smoke  and  little  smell,  was  easily  steered,  the  direction  re- 
versed, or  the  boat  stopped  at  a  moment's  notice.     The  speed  varied 
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from  8  to  11  miles  an  hour.  Hundreds  of  Daimler  launches,  driven 
with  light  petroleum  of  0*68  or  0*70  density,  are  at  work  in  Oermanj 
and  elsewhera  A  vertical  four-cylinder  10  H.P.  Daimler  boat  engine 
was  exhibited  at'  Chicago.  The  motor  always  works  in  the  same 
direction,  and  is  connected  to  the  screw  shaft  by  a  disc  and  friction 
coupling.  If  all  three  are  in  connection  the  boat  goes  forward ;  by 
turning  a  handle  two  side  friction  discs  are  brought  into  play,  and  the 
motion  reversed.  Instead  of  this  gear  some  boats  carry  propellers  with 
reversible  blades.  When  the  engine  is  running  at  its  normal  speed  of 
480  revolutions  per  minute,  the  boat  attains  a  speed  of  15  miles  per 
hour,  and  the  consumption  of  oil  is  about  0*64  lb.  per  mile.  The  engine, 
oil  tanks,  and  exhaust  are  arranged  in  the  same  way  as  in  the  Capitaine 
launches,  and  one  man  is  sufficient  to  steer  and  drive  the  motor. 

The  earliest  application  of  oil  engines  to  river  work  was  by  Messrs. 
Priestman,  and  they  still  make  these  vertical  motors,  in  sizes  from 
2  B.H.P.  upwards.  Hitherto,  in  these  and  all  other  engines  applied 
to  boats,  the  vertical  type  only  has  been  adopted.  The  Priestman 
have  usually  two  or  four  cylinders,  and  are  used  for  barges  and  other 
purposes,  where  the  safe  working  of  the  engine  in  unskilled  hands  is 
the  first  consideration.  They  are  employed  on  rivers  and  lakes  in 
Europe  and  elsewhere.  Transmission  is  effected  by  a  reversible  pro- 
peller, the  movement  of  the  boat  being  altered,  while  the  engines  run 
continuously  in  the  same  direction.  The  reversal  of  the  propeller 
blades  is  obtained  by  a  hand  wheel  near  the  steering  gear,  the  direction 
of  rotation  of  the  screw  shaft  not  being  affected,  as  in  other  engines. 

Most  of  the  principal  makers  in  England  and  abroad  now  build  a 
marine  type  of  engine.  Messrs.  Tangye  have  introduced  a  small 
two-cycle  vertical  motor  to  work  with  petrol,  benzoline,  or  carburetted 
alcohol.  With  the  exception  of  the  Capitaine  and  Priestman,  marine 
engines  worked  with  heavy  oil  are  somewhat  rare.  For  an  account  of 
the  American  Otto  marine  engine  applied  to  the  Holland  submarine 
torpedo  boat,  see  p.  430.  A  description  of  the  Campbell  oil  engine 
for  hauling  barges  will  be  found  at  p.  412.  Messrs.  Vosper,  of 
Portsmouth,  have  constructed  the  Hoots  engine  for  river  work,  and 
make  oil  launches  in  sizes  from  1  H.P.  upwards,  with  one,  two,  or  four 
cylinders.  One  advantage  of  having  several  cylinders  is  that,  by 
bringing  one  or  more  into  use  as  required,  the  power  can  be  accurately 
adjusted ;  for  intermittent  work,  as  with  barges  going  through  locks, 
&c,,  this  is  a  desirable  arrangement. 

The  Griffin  oil  engine,  described  at  p.  403,  has  been  largely  and 
successfully  applied  to  marine  work.  As  a  launch  engine  the  "  Duplex-" 
Griffin  is  made  vertical,  with  two  cylinders  and  pistons ;  the  latter  are 
rigidly  connected  to  a  crosshead,  and  work  downwards  through  a  single 
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<K)imecting-rod  on  to  the  crank.  The  method  of  reversing  the  action 
-of  the  boat  is  ingenious.  There  are  two  screw  propellers  with  right- 
and  left-handed  pitch  respectively.  The  forward  propeller  is  mounted 
on  a  hollow  shaft,  the  backward  propeller  on  a  smaller  solid  shaft 
enclosed  within  the  larger.  Either  shaft  and  propeller  can  be  connected 
to  the  crank  shaft,  or  both  can  be  thrown  off,  if  necessary,  by  means  of 
a  double-friction  clutch  worked  by  a  hand  lever.  The  engine  runs 
always  in  the  same  direction,  it  is  its  action  on  the  propeller  that  is 
varied,  and  the  movement  of  the  boat  reversed  in  a  moment  by  the 
motion  of  the  lever.  For  starting  the  engine  the  small  flywheel  is 
disconnected  by  a  friction  clutch  from  the  crank  shaft,  and  rapidly 
rotated  by  a  hand  wheel  and  chain.  As  soon  as  it  has  acquired 
sufficient  energy  the  crank  shaft  is  thrown  on,  and  the  engine  starts. 
Engines  of  this  "  Duplex  **  type  are  made  in  sizes  from  5  to  100  n.P. 
In  the  35  H.P.  **  hydro-oil "  marine  engine  fitted  to  a  barge  at 
Liverpool,  and  described  at  p.  404,  the  two  cylinders  are  11  inches 
diameter  by  14  inches  stroke,  and  the  speed  is  240  revolutions  per 
minute. 

Among  foreign  marine  engines  an  interesting  novelty  is  a  Deuts  20 
H.P.  motor,  driven  by  a  suction  gas  producer,  and  fitted  to  a  canal  boat, 
128  feet  long,  of  280  tons  burden.  A  50  H.P.  Deutz  petroleum  engine 
has  also  been  applied  to  a  three-masted  schooner.  As  a  reserve  of  power 
such  engines  are  frequently  used.  Of  the  Gnome  engine  a  marine  type 
is  also  made,  in  which  the  changes  of  direction  are  effected  by  friction 
coupling.  These  engines  are  fitted  both  to  decked  and  undecked  vessels. 
The  Diesel  is  also  built  as  a  marine  motor  by  Sautter  and  Harl^,  of  Paris 
(see  p.  470).  There  are  two  pistons  moving  in  opposite  directions  in  one 
long  horizontal  cylinder,  the  crank  shaft  being  in  the  centre,  at  the  inner 
dead  point,  and  the  valves  disposed  above  it.  The  compression  space  is 
immediately  over  the  crank  chamber.  The  main  shaft  carries  four  cranks 
set  at  an  angle  of  180°.  The  object  of  this  arrangement  is  to  obtain  a 
good  turning  moment  and  balance  of  the  reciprocating  parts ;  the  strain 
falls,  not  on  the  longitudinal,  but  on  the  transverse  axis  of  the  ship. 

In  the  Forest  motor  the  rotation  of  the  engine  itself  is  reversed,  and 
not  that  of  the  screw  shaft.  These  ingenious  vertical  engines  carry  a 
valve  shaft  and  a  double  set  of  cams  for  reversing  the  motion  (see  p.  437). 
A  few  appear  to  be  made  in  France,  but  they  are  practically  unknown  in 
other  countries.  For  an  account  of  the  Duplex  engines  as  applied  to 
trawlers  and  fishing  boats  see  p.  441.  For  this  class  of  work  marine  oil 
engines  have  been  very  largely  used  during  the  past  few  years. 

Portable  Engines. — Oil  and  alcohol  motors  for  agricultural  work  are 
now  extensively  employed.  They  have  entered  into  active  competition 
with  steam,  and  all  the  important  firms  in  England,  America,  and  on  the 
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Continent  have  taken  up  their  manufacture.  The  annual  agricultural 
shows  held  at  various  large  manufacturing  centres  in  Great  Britain  have 
also  greatly  aided  in  the  development,  and  given  an  impetus  to  the  con- 
struction of  portable  oil  engines.  Gas  engines  are,  of  course,  useless  in 
the  country,  where  the  chief  demand  for  this  class  of  motor  arises,  be- 
cause there  are  no  mains  or  gas  works  at  hand.  Steam  engines  must 
have  a  boiler,  and  a  provision  of  water  and  fuel.  Portable  oil  motors  are 
easily  handled,  compact,  light,  and  require  only  two  small  tanks,  one  for 
oil,  one  to  hold  water  for  the  cooling  jackets ;  the  latter  is  now  sometimes 
replaced  by  air  cooling.  They  are  easily  and  quickly  started  and  stopped, 
and  oil  may  be  procured  anywhere.  The  chief  drawbacks  to  their  use, 
their  smell  and  rather  fragile  construction,  have  been  practically  over- 
come. For  portable  engines  petroleum  is  preferred  in  England  to  lighter 
oils,  because  a  certain  quantity  must  be  carried,  but  benzine  and  alcohol 
are  much  used  abroad.  Motors  igniting  the  charge  spontaneously,  with- 
out an  external  flame,  have  also  a  considerable  advantage  in  open  windy 
places  over  those  carrying  an  exposed  light.  Special  attention  is  now 
paid  to  economy  in  the  supply  of  cooling  water,  which  is  often  very 
limited,  and  various  arrangements  with  this  object  have  been  described 
under  the  head  of  the  different  engines.  If  abundance  of  water  is  avail- 
able, the  method  generally  adopted,  especially  abroad,  is  to  allow  the 
jacket  water  to  evaporate,  and  renew  it  as  required  ;  but  if  the  supply  is 
insufficient,  it  is  generally  circulated  over  and  over  again,  and  cooled  by 
a  current  of  air  created  by  the  engine  itself^  by  radiating  ribs,  or  by 
passing  it  through  an  arrangement  of  vertical  baffle  plates. 

Oil  engines  are  now  much  used  in  mines,  and  on  light  railways  for 
transport  of  all  kinds,  to  work  travelling  cranes,  circular  saws,  and  for 
numerous  other  purposes.  For  these  applications  the  engines  are  mostly 
horizontal,  and  can  often  be  adapted,  with  slight  .modifications,  to  work 
with  any  kind  of  gas  or  oil,  alcohol  or  acetylene.  The  Deutz  firm  alone 
have  in  six  years  built  more  than  a  hundred  oil  and  spirit  locomotives, 
with  a  total  of  1,000  H.P.  Locomotives  for  mines  are  made  in  sizes  up 
to  24  H.P.,  for  light  railways  up  to  60  H.P.,  the  consumption  being  about 
0'7  lb.  petroleum  or  alcohol.  Another  new  development  is  the  sectional 
oil  engine  of  Messrs.  Fielding  &  Piatt,  which  can  be  taken  to  pieces,  and 
built  up  again  on  arrival  at  its  destination.  Mention  must  also  be 
made  of  the  military  traction  oil  engine,  recently  constructed  by  Messrs. 
Hornsby  (see  p.  399).  The  conditions  laid  down  by  the  War  Office  for 
this  kind  of  engine  were  so  stringent  that  the  Hornsby  firm  alone  were 
able  to  comply  with  them.  The  chief  requirements  were  that  the  tractor 
should  run  40  miles  without  a  fresh  supply  of  fuel,  and  although  required 
to  haul  a  load  of  25  tons,  should  not  itself  exceed  13  tons  in  weight.  It 
was  successfully  subjected  to  a  test  of  500  miles  run  over  soft  and  hUly 
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ro«d&  It  was  also  taken  through  2  feet  of  water,  and  set  to  climb  a  hill 
with  a  gradient  of  1  in  6,  hauling  12^  tons  load.  This  engine  was 
vertical,  with  two  cylinders  one  above  the  other.  The  water  for  the. 
jackets  was  circulated  by  a  rotary  pump,  through  a  cooler  beneath  the 
engine.  At  pw  199  will  be  found  an  account  of  the  extensive  use  of 
engines  driven  with  Loomis  gas,  to  generate  electricity  for  various  power 
purposes  in  mining,  smelting,  and  forging  operations,  <fec.,  in  Galifomia 
and  the  United  States. 

Berlin  Trials. — Three  important  series  of  trials  of  portable  and 
stationary  oil  engines,  with  special  reference  to  agricultural  work,  were 
made  in  1894,  in  Germany  at  Berlin  by  Professors  Schottler  and 
Hartmanii,  in  France  at  Meauz  by  M.  Ringelmann,  and  in  England 
at  Oambridge.  The  reports  of  these  trials  give  full  particulars  of  the 
different  engines  submitted  to  the  tests.  In  the  Berlin  trials  twenty- 
seven  engines,  portable  and  stationary,  of  2  to  12  n.P.,  were  exhibited 
by  fifteen  different  firms.  All  the  most  important  German  makers 
were  represented,  and  one  English  firm.  The  engines  were  repeatedly 
and  severely  tested  with  American  or  Russian  oil  of  0*80  to  0*82  den- 
sity, and  the 'consumption  of  oil  per  B.H.P.  per  hour  determined  at  half, 
full,  and  maximum  power.  The  time  required  to  get  the  engine  into 
full  work,  the  number  of  explosions  missed,  the  extent  to  which  the- 
horse-power  could  be  increased  beyond  the  normal,  to  meet  unfore- 
seen demands,  supervision  required  from  the  attendants,  steadiness  of 
external  fiame,  and  cleaning  after  a  prolonged  run,  were  all  noted. 
Particular  attention  was  paid  to  the  build  of  the  engine,  to  avoid 
vibration  with  the  wheels ;  shielding  of  the  lamp  from  sudden  extinction 
by  wind ;  method  of  cooling  the  cylinder,  quantity  of  cooling  water 
required,  and  efficiency  of  the  jacket.  It  was  found  that,  unless  the 
latter  was  in  satisfactory  working  order,  the  cylinder  either  became  too 
much  cooled  and  the  heat  efficiency  was  reduced,  or  too  little  heat  was 
carried  off  and  the  engine  worked  badly.  Details  of  most  of  these 
careful  tests  will  be  found  in  Table  9. 

Meaux  Trials. — Eight  portable  engines  took  part  in  the  Meaux 
trials — two  English,  three  French,  two  German,  and  one  Swiss  motor. 
The  same  Russian  oil  of  0*82  density  was  used  throughout,  and  the 
power  was  limited  to  4  H.P.  It  was  found  that  the  general  classifi- 
cation of  the  engines  by  the  judges,  with  respect  to  their  economy 
and  excellence  of  construction,  followed  the  heat  efficiency  per  B.H.P., 
or  the  ratio  of  heat  turned  into  actual  work  to  total  heat  supplied.  The 
experiments  were  on  the  same  lines  as  those  at  Berlin,  and  the  results 
in  the  original  report  are  plotted  in  curves  and  shown  in  diagrams.  The 
quantity  of  air  required  for  combustion  was  determined  from  the 
number  of  explosions,  the  volume  of  the  piston,  and  the  consumption 
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of  oil.  When  the  actual  volume  of  air  was  in  excess  of  this  theoretical 
quantity,  the  explosions  were  weak;  when  it  fell  belew  it,  imperfect 
•combustion  was  the  result.  Variations  in  the  speed  were  also  noted. 
Details  of  these  excellent  trials  are  given  in  Table  9. 

Cambridge  Trials. — The  trials  of  oil  engines  at  Cambridge  were  in 
connection  with  the  Royal  Agricultural  Society,  and  fifteen  engines 
were  entered  for  competition.  These  included  most  of  the  best  English 
makers,  but  no  foreign  motors  were  exhibited.  In  these  trials,  as  at 
Berlin,  the  primary  object  was  to  determine  how  far  oil  engines  could 
be  relied  on  for  farm  work  when  handled  by  unskilled  labourers,  and 
•simplicity  of  design,  strength,  durability,  stability,  and  freedom  from 
internal  fouling,  were  specially  tested.  The  engines  were  first  run  on 
the  brake  for  three  days  of  ten  hours,  then  with  full  load,  without 
any  intermediate  cleaning.  None  exhibited  any  traces  of  soot  or  dirt, 
though  in  all  the  oil  was  vaporised  in  a  different  way.  Russian  oil  was 
used,  of  0*82  specific  gravity,  and  the  power  was  fixed  at  from 
4  to  16  B.H.P.  The  Homsby  and  the  Grossley  were  commended  for 
economy,  efficiency,  and  steadiness.  The  portable  engines  shown  by 
these  firms  were  also  the  best,  with  the  lowest  consumption  of  oil  per 
B.H.P.  hour.  Most  of  the  engines  exhibited  were  good,  but  the 
examiners,  both  English  and  foreign,  in  the  three  series  of  trials  at 
Berlin,  Meaux,  and  Cambridge,  were  of  opinion  that  in  all  there  was 
room  for  improvement.     For  detailed  results  see  Table  of  Tests,  No.  9. 

Second  Berlin  Trials. — Another  careful  series  of  trials  of  portable 
•engines,  perhaps  more  interesting  to  English  students  from  a  theoretical 
than  a  practical  point  of  view,  was  carried  out  at  Berlin  in  1902  by 
Professors  Hartmann,  Meyer,  and  others,  on  eight  German  engines 
driven  with  alcohol.  The  construction  of  most  of  the  motors  tested  has 
already  been  described.  The  time  required  to  start  each  engine  was 
specially  determined,  and  it  was  found  that  the  full  load  could  be  thrown 
on  in  from  1^  to  6^  minutes  after  starting  with  benzine.  With  oil 
engines  the  consumption  of  oil  at  equal  loads  greatly  depends  on  the 
method  of  admitting  it ;  these  alcohol  engines  were  therefore  tested  in 
the  same  way,  by  acting  on  the  pitch  of  the  screw  regulating  the  admis- 
sion of  the  combustible.  According  to  Professor  Meyer  there  is  for 
•every  engine  a  certain  consumption  of  oil  or  alcohol  corresponding  to  the 
highest  efficiency,  and  this  consumption  should  be  known.  The  power 
of  the  engines  tested  varied  from  6  H.P.  to  16  H.P.,  and  their  consump> 
tion  of  alcohol  of  11,000  B.T.U.per  lb.  ranged  from  0-85  lb.  to  1-34  lbs. 
per  B.H.P.  hour.  All  the  engines  tested  were  governed  on  the  hit-and- 
miss  system,  and  ran  at  full  load  with  a  mean  of  2  per  cent,  miss-fires. 
The  extent  to  which  the  consumption  increased  at  half  load  and  running 
light  was  determined.     The  degree  of  compression  each  engine  could  bear 
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was  also  studied,  since  upon  it  depended  the  efBcient  utilisation  of  the 
combustible,  and  it  was  found  that,  the  higher  the  compression,  the  more 
susceptible  was  the  engine  to  variations  in  the  load.  With  alcohol,  as 
with  oil,  mere  pulverisation  is  not  sufficient  to  form  a  properly  explosive 
charge ;  it  must  also  be  vaporised  by  the  application  of  heat,  and  the 
extent  to  which  this  previous  heating  of  the  charge  affected  the  compres- 
sion was  considered  in  each  case.  With  mixtures  slightly  or  not  at  all 
previously  heated,  a  much  higher  compression  is  possible  than  when  the 
charge  is  already  at  a  high  temperature  on  admission.  Another  point  is 
that  if  alcohol  or  oil  be  highly  heated  it  expands,  and  thus  a  smaller 
quantity  per  stroke  is  admitted  to  the  cylinder.  The  heat  efficiency  of 
the  engines  tested  was  very  high,  about  32  per  cent,  with  the  Deutz,  and 
33  per  cent,  with  the  Marienfeld  engine.  Professor  Meyer's  exhaustive 
report  of  these  trials  should  be  studied  (see  ZmUchnrifi  des  Vereivies 
deuUcher  Inghiieure,  1903). 

Boad  Motor  Carriages. — The  latest  devopment  of  oil  engines,  and 
one  which  has  excited  more  public  interest  than  any  other,  is  their  use 
to  propel  road  carriages  and  bicycles.  The  law  prohibiting  the  use  on 
roads  in  England  of  mechanical  carriages  driven  at  more  than  4  miles 
an  hour  was  repealed  in  November,  1896,  and  this  gave  a  great  impulse 
to  their  manufacture. 

The  subject  of  mechanically-driven  carriages  has  now,  however,, 
become  far  too  large  to  be  done  justice  to  in  this  book,  and  requires  a 
volume  to  itself.  Tens  of  thousands  of  these  little  vehicles  are  in  use  in 
France,  England,  Germany,  and  elsewhere.  A  great  many  exhibitions 
have  been  held,  which  have  served  to  familiarise  the  public  with  their  use, 
and  to  reveal  the  defects  which  should  be  corrected.  In  several  of  these 
competitive  trials  the  author  acted  as  judge.  Table  10  gives  a  summary 
of  some  of  the  English  tests  on  carriages  for  passengers  and  goods,  both 
by  the  Royal  Agricultural  Society  and  by  the  Automobile  Club,  at  most 
of  which  the  author  was  present. 

The  Daimler  motor  carriage  is  made  in  Germany,  and  in  France  by 
MM.  Panhard  and  Levasseur,  and  Peugeot  Frdres.  The  engine  has  two 
cylinders  inclined  at  an  angle  of  about  15°  to  the  crank  shaft,  and  is 
similar  in  type  to  the  petroleum  motor  already  described.  The  gearing, 
as  in  boats,  is  by  pulleys  and  friction  coupling,  connecting  to  a  shaft 
which  actuates  the  rear  wheels  of  the  carriage.  The  engine  runs  at  a 
speed  of  600  to  1,000  revolutions  per  minute,  and  is  disconnected  from 
the  driving  shaft  during  a  short  stoppage.  The  cooling  water  is  con- 
tained in  a  small  tank  under  the  seat,  and  is  sometimes  circulated 
through  the  framework  of  the  carriage.  In  some  engines  there  is  no 
water  jacket,  but  the  cylinder  is  ribbed  externally,  to  afford  a  large  air 
cooling  surface.     There  are  two  brakes,  a  hand  and  a  foot.     The  driving 
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shaft  has  a  slide  and  wheels,  which  work  on  three  other  wheels  on  a 
shaft  above,  commanding  three  different  speeds.  The  direction  of  the 
•carriage  is  changed  by  a  conical  wheel  on  the  upper  shaft,  acting  on  two 
loose  wheels.  Between  them  is  a  sleeve  with  teeth,  which  produces  a 
forward  or  back  motion,  according  to  the  wheel  with  which  it  engages. 
This  transverse  shaft  carries  a  pinion,  acting  on  the  axles  of  the  two 
iiind  wheels. 

In  the  Daimler  motor  car,  as  generally  made  in  England,  several 
speeds  are  available,  and  changes  of  speed  are  obtained  by  the  action 
■of  spur  wheels.  See  Table  10  for  consumption  of  oil,  speed  on  the 
road,  &c. 

The  Boots  is  another  engine  worked  with  ordinary  petroleum,  which 
is  now  made  in  sizes  from  5  to  12  H.P.,  almost  exclusively  to  drive 
motor  cars.  Many  other  makers  construct  engines  driven  chiefly  with 
light  oil  or  petrol,  for  use  with  motor  carriages,  and  the  types  are  very 
«^aried. 
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CHAPTER    XXV. 

Contents. — Theory — Cayley-Buckett — Stirling's  First  Engine — Stirling's  Second 
Engine^ — ^Robinson — Later  Type — Ericsson — Wenham — Bailey — Jahn — Rider — 
Jenkin's  Regenerative  Engine — Bonier — Qeoty, 

Theory. — In  dealing  with  oil  engines  no  mention  has  been  made  of 
the  theory  of  heat  motors,  and  of  their  theoretical  and  actual  heat 
efficiencies,  <kc.,  because  in  these  respects  oil  and  gas  engines  are 
based  on  the  same  principles.  The  effects  of  an  explosion  of  coal  gas 
with  air,  or  oil  vapour  with  air,  when  mixed  in  the  cylinder  of  an 
engine,  are  more  or  less  similar,  as  also  the  data,  from  which  the  heat 
efficiencies  are  calculated.  When  we  consider  hot  air  engines,  the 
conditions  are  different.  There  is  no  explosion,  and  no  great  rise  or 
fall  of  temperature.  A  certain  quantity  of  heat  is  applied  to  air,  which 
expands  and  drives  a  piston,  doing  work.  No  boiler  is  needed,  nor  is 
any  cost  incurred  for  gas  or  oil  from  a  tank,  the  air  as  working  agent 
being  taken  from  the  surrounding  atmosphere.  There  is  no  risk  of 
explosion  from  inflammable  gas  or  oil  vapour.  No  change  of  physical 
state  in  the  working  agent  takes  place,  and  therefore  all  the  heat 
generated  and  imparted  to  the  air  can,  in  theory,  be  utilised  in  work. 
The  two  main  sources  of  waste  of  heat  in  gas  engines  are  the  cooling 
water  jacket  and  the  exhaust.  In  a  hot  air  motor  there  is  no  jacket 
(unless  as  a  refrigerator),  and  therefore  less  heat  should  be  dissipated, 
and  more  available  for  work.  From  these  considerations,  therefore,  it 
seems  as  though  a  hot  air  engine  must  be  not  only  better  in  theory,  but 
more  economical  in  practice,  than  other  forms  of  heat  motors. 

Such,  however,  is  not  the  case.  Practically,  hot  air  engines  do  not 
give  results  as  satisfactory  as  might  have  been  expected.  Though  the 
first  engine  of  this  type  was  designed  in  1807,  comparatively  few  have 
since  been  made,  and  their  construction  has  not  been  much  developed, 
except  for  special  purposes.  The  reason  for  this  neglect  may  probably 
be  found  in  their  low  actual  efficiency — ^that  is«  the  amount  of  heat  they 
turn  into  work.     In  theory  the  whole  of  the  heat  furnished  to  the  air 
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being  utilised  in  expansion,  a  high  rate  of  efficiency  should  be  obtained. 
Practicallj,  expansion  cannot  be  continued  to  the  pressure  of  the 
atmosphere,  and,  therefore,  some  heat  remains  in  the  air,  and  is  wasted 
at  exhaust.  The  theoretical  heat  efficiency  of  an  engine  depends  upon 
the  range  of  temperature — that  is,  its  highest  and  lowest  working 
temperatures.  But  if  heat  be  added  to  the  air  up  to  900"  F.,  and  if 
the  temperature  of  exhaust  is  600**  F.,  only  the  difference,  or  300*, 
will  be  spent  in  expansion,  and  heat  equivalent  to  600°  will  be  wasted. 
As  in  gas  motors,  the  difficulty  consists  in  utilising  the  expansive 
force  of  the  agent,  air.  Since  expansion  cannot  be  unlimited,  only  a 
certain  proportion  of  the  heat  imparted  can  be  turned  to  account  as 
work.  If  it  were  possible  by  expansion  to  reduce  the  air  in  a  hot 
air  engine  to  the  temperature  it  had  before  entering  the  cylinder,  an 
efficiency  of  about  59  per  cent,  might,  according  to  Professor  Jenkin, 
be  realised ;  the  actual  heat  efficiency,  or  percentage  of  work  done  to 
total  heat  received  in  these  engines,  is  only  from  7  to  10  per  cent 
The  Stirling  engine  worked  between  the  temperatures  343°  G.  and 
Gd"*  0.  The  theoretical  efficiency,  according  to  the  formula  at  p.  277, 
was 

T,  -  To  343°  -  65*  278 

— TTT'  ^^  343-  +  273°  (abs.)  =  616  (abs.)  =  ^^  P«' <«'^*- 

The  actual  efficiency  (see  p.  502)  was  7  per  cent. 

Difficulties  of  Hot  Air  Engines. — ^To  increase  the  efficiency  and 
check  the  source  of  waste  in  these  engines — ^that  is,  the  high  tempera- 
ture of  the  exhaust — ^the  only  method  would  appear  to  be  to  increase 
the  ratio  of  expansion,  and  this  can  only  be  done  by  raising  the  initial 
compression  of  the  air.  But  this  does  not  produce  any  real  advantage, 
because  the  pressure  which  is  expended  must  be  deducted  from  the 
pressure  exerted  upon  the  piston.  To  compress  the  air  before  it  is 
admitted  to  the  cylinder  requires  a  certain  amount  of  negative  work, 
or  work  done  on  the  working  agent.  The  further  compression  is  carried 
the  greater  the  proportion  of  negative  work,  and  the  lower  the  pro- 
portion of  positive  work,  or  work  done  by  the  air.  If  the  air  be 
compressed  to  100  lbs.,  65  per  cent,  of  the  work  would  be  required 
in  theory  to  obtain  this  compression.  It  is  also  difficult  to  prevent 
leakages  where  high  pressures  of  air  are  used,  and  to  keep  all  the 
parts  of  the  engine  perfectly  air-tight,  while  to  obtain  an  efficient 
working  pressure  it  is  necessary  to  use  a  large  body  of  air.  Air  is  a 
very  bad  conductor  and  does  not  absorb  heat  readily,  and  it  expands 
in  comparison  with  its  bulk  much  more  slowly  than  steam.  In  the 
Ericsson  air  engine,  the  pressure  was  only  3  lbs.  per  square  inch. 

Hot  air  engines  are  therefore  bulky,  and  seldom  suitable  to  replace 
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ateam  or  gas.  Their  speoi&l  advantageB  are.— 1.  EiMe  in  working. 
2.  Absolate  ufety.  For  theie  reasons  thej  are  sometimeH  emplojred 
for  driving  fog  signals  OD  lightihips,  lighthonses,  aad  in  other  isolated 
places,  where  these  adTantages  outweigh  the  defects.  They  have  also 
been  used  for  domestic  and  other  purposes,  namely,  pumping,  sawing, 
printing,  driving  tools,  for  small  powers,  Jec.  As  the  prioe  of  gas  aod 
oil  is  reduced,  and  explosive  motors  are  more  cheaply  driven,  air  engines 
are  likely  to  be  more  and  more  discarded  in  their  favour. 

CaTley-Buokett. — The  earliest  air  or  caloric  engine  was  introdaced 
by  Sir  George  Cayley  in  1807,  and  patented  by  him  in  1837.  The 
original  design  has  been  adopted  by  Mr.  Bnckett,  and  practically  the 
same  engine  was  made  by  the  Oaloric  Engine  Company.     Fig.  1D7  gives 


Fig.  167.— Baokett  Air  Engine— Single  Cylinder. 

a  modified  view  of  the  Oayley-Backett  Caloric  engine.  It  consists  of 
two  distinct  parts,  like  the  boiler  and  motor  cylinder  of  a  steam  engine. 
A  is  the  working  cylinder  containing  the  piston  P,  B  is  the  furnace 
in  which  the  air  is  heated.  Above  the  motor  cylinder  is  a  second  pump 
cylinder  J,  into  which  air  is  admitted  through  the  valve  M,  and 
compressed  by  the  action  of  the  piston  Pj.  The  two  pistons  are 
connected  to  each  other,  and  the  up  expansion  stroke  of  the  one  forms 
the  compression  stroke  of  the  other.  The  air,  after  being  compressed 
in  J,  passes  through  the  valve  I  and  down  the  passage  d  in  the 
direction  of  the  arrows,  till  it  reaches  a  cylindrical  valve  e,  directly 

32 
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controlled  by  the  governor  G  above  it.  Here  the  current  of  compressed 
air  is  divided.  Part  of  it  passes  down  the  passage  g^  between  the 
firebrick  lining  W  of  the  furnace  and  the  outer  casing,  and  is  admitted 
through  holes  at  the  bottom  of  the  grate  to  the  furnace  B,  where  it 
stimulates  combustion.  The  rest  passes  through  the  upper  part  of  the 
valve,  enters  above  the  furnace  at  fy  as  shown  by  the  arrows,  and 
mingling  with  the  products  of  combustion,  prevents  the  escape  of 
unbumt  carbon.  From  here  the  hot  air  and  products  are  carried  off 
through  the  passage  h  into  the  motor  cylinder,  where  by  expansion 
they  drive  up  the  piston  P.  They  are  admitted  through  a  lift  valve  V 
which,  as  well  as  the  exhaust  valve  £  on  the  opposite  side  of  the 
cylinderi  is  driven  by  valve-rods,  levers,  and  cams  from  the  crank  shaft 
K.  Coal  is  fed  into  the  furnace  through  the  hopper  H  and  the  door  D. 
During  this  time  the  valve  It  closes  the  top,  to  maintain  the  air  pressure 
in  the  furnace  during  stoking.  By  opening  the  cock  at  r  a  portion  of 
the  hot  air  enters  the  hopper,  and  the  pressure  is  equalised.  As  scion 
as  D  is  closed,  E  is  lowered  into  the  furnace  by  the  chain  S.  Com- 
bustion is  regulated  by  passing  more  air,  either  under  the  furnace  at 
^,  or  over  it  at  f.  If  the  speed  is  too  great,  the  governor  acts  upon 
the  cylindrical  valve,  and  checks  combustion  by  forcing  the  greater 
part  of  the  air  to  mingle  with  the  products  of  combustion  from  the  fire. 
The  Cayley-Buckett  engine  has  no  regenerator,  but  by  an  ingenious 
arrangement  the  cold  air,  after  being  compressed  in  J,  is  led  round  the 
valve  Y,  admitting  the  hot  air  and  gases  to  the  motor  cylinder.  Thus 
the  valve  is  kept  cool,  and  the  fresh  charge  of  air  heated  on  its  way  to 
the  furnace.  The  air  being  exhausted  at  each  stroke,  a  closed  cycle 
cannot  be  obtained. 

Trials. — In  a  trial  on  a   12   H.P.   nom.   double-cylinder  vertical 
Buckett  engine,  the  difficulties  of  this  class  of  motor  were  well  shown. 

The  gross  I.H.P.  was  41*24  and 
-aotb*,  the  pump  I.H.P.  21*04.  Thus 
more  than  half  the  power  was 
employed  in  negative  work, 
leaving  only  20*2  H.P.  for 
working  the  engine.   The  B.  H.  P. 

^  ^    ,  .   ^    .  was  14*39,  and  mechanical  effi- 

Fig.  158. -Buckett  Air  Engme—  .*  '      J^      w.ii»*ix«»i   cm 

Indicator  Diagram.  ^^^^^^y  only  71   per  cent.     The 

mean  pressure  on  the  pistons  was 
18*5  lbs.,  on  the  pumps  16*78  lbs.  per  square  inch.  The  coke  consumption 
was  2*54  lbs.  per  B.H.P.  per  hour,  and  only  about  8  per  cent*  of  the 
total  heat  supplied  was  turned  into  work.  The  engine  ran  at  61  revolu- 
tions per  minute,  the  diameter  of  the  working  cylinders  was  24  inches, 
of  the  pumps  18  inches,  stroke  16  inches.     Fig.  158  gives  an  indicator 
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•diagram  of  the  engine.     A  motor  similar  to  the  Oayley  Backett  was 
desmbed  with  illustrations  in  EngiMering  in  1887. 

Stirling. — The  first  application  of  the  principle  of  the  regenerator 

to  heat  engines  is  due  to  Robert  Stirling,  a  Scotch  minister,  who,  with 

his  brother  James  Stirling,  an  engineer,  took  out  several  patents  for 

heat  motors,  the  first  dating  from    1827.      Stirling's  doable  merits  as 

-an  inventor  have  not  until  lately  received  sufficient  recognition  from 

scientific  men,  perhaps  because  he  was,  like  many  other  pioneers,  in 

advance  of  his  time.     He  first  endeavoured. to  carry  into  practice  the 

principle  of  a  perfect  heat  engine  (Camot's  cycle),  and  he  also  designed 

•the  regenerator.     In  a  perfect  heat  motor  the  same  quantity  of  heat  is 

imparted  to  and  withdrawn  from  the  working  agent,  so  that  at  the  close 

•of  the  cycle  it  returns  to  its  original  state,  and  the  series  of  operations 

may   be   reversed.     Robert   Stirling  obtained   this  perfect  theoretical 

cycle  by  means  of  the  second  great  improvement  he  introduced,  the  use 

of  a  regenerator,  in  which  the  heat  of  the  working  agent  (air)  is  stored 

.as  it  leaves  the  cylinder,  and  refunded  afterwards,  as  it  returns  to  the 

furnace.     Many  scientific  men  are  of  opinion  that  the  proper  develop- 

•ment  of  the  principle  of  the  regenerator  affords  the  chief  possibility  of 

improving  the  working  cycle  of  heat  motors,  but  it  does  not  seem  of  late 

yeai*8  to  have  been  successfully  applied  to  internal  combustion  engines. 

^he  regenerator  has   been  ingeniously  called  a  "filter,"  because  both 

the   hot  and  cold  charge  are  ''filtered,''  or  passed   through  it  at  their 

highest  and  lowest  temperatures.     It  is  intended  to  diminish  as  far  as 

'jpossible  the  waste  of  heat  at  exhaust.     It  acts  by  arresting  and  storing 

the  heat  remaining  in  the  working  fluid  after  expansion,  instead  of 

allowing  it  to  escape  to  the  atmosphere,  and  gives  back  this  heat  to  the 

inext  charge  in  its  passage  to  the  cylinder.     The  result  is  obtained  in 

this  case  by  making  the  hot  gases  pass  through  thin  metal  plates,  wire 

gauze  or  other  heat  absorbing  substances,  to  which  they  give  up  their 

heat,  and  carrying  the  cold  charge  back  through  the  same  metal  to  receive 

theat  from  it. 

Stirling's  First  Engine. — Stirling  took  out  two  patents  for  hot  air 
engines  working  with  a  regenerator.  In  the  first,  dated  1827,  he  pro- 
posed to  have  a  motor  cylinder  and  piston,  an  air  pump,  and  two  hot  air 
vessels.  The  vertical  motor  cylinder  and  air  pump  were  attached  to  a 
(horizontal  beam  driving  the  crank;  an  eccentric  and  parallel  motion 
worked  the  pistons  of  the  air  vessels  through  a  balance  beam.  Each 
•of  these  vessels  or  cylinders  contained  a  plunger  piston  composed  of 
thin  metal  plates  forming  the  regenerator.  A  furnace  being  lighted 
beneath  the  cylinders,  air,  compressed  by  the  air  pump  into  a  receiver 
in  the  base,  was  admitted  at  -the  bottom  to  start  the  engine,  and  to 
supply  the   loss  by  leakage.      By  .its  es^pansion  it  drove  up  the  motor 
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piaton,  and  in  its  paaaage  through  the  plm^^erB  gave  lome  of  ita  heat  to 
the  regenerator.  The  cylinder  covers  of  the  air  vessels  were  kept  cold, 
and  the  air  on  reaching  the  top  became  immediately  chilled.  The  hot 
air  cylinders  ootntnnnicated,  the  one  with  the  bottom,  the  other  with  the 
top  of  the  motor  piston.  As  the  air  decreased  in  temperature  its 
pressure  fell,  and  both  the  motor  piston  and  the  piston  of  one  of  the  air 
vessels  descended.  At  the  same  time  the  air  in  the  other  cylinder, 
being  heftted,  expanded,  and  by  its  pressure  drove  down  the  pistoik 
of  the  motor  cylinder.  Each  time  the  cold  air  descended,  it  passed 
throng  the  regenerator,  and  became  heated  afresh. 


Fig.  1S9.— First  Stirliag  Engine.        About  1S30. 

In  Fig.  169  a  modified  view  of  this  engine  is  shown.  A  is  the  motor 
cylinder  and  P  the  piston,  B  the  air  or  displacer  cylinder,  and  B  a 
plunger  piston  working  in  it,  F  the  space  where  the  air  is  heated  by  the 
fire.  The  plunger  or  displacer  D  is  filled  with  brick-dust,  or  other 
non-combustible  material.  The  circular  regenerator  R  is  round  D,  and 
consists  of  metal  plates  about  ^  inch  in  thickness  and  -^  inch  apart. 
E  is  the  refrigerator  at  the  top  of  cylinder  S,  and  is  formed  of  coils  of 
copper  tubes  through  which  cold  water  circulates ;  the  hot  air  &om  the 
displacer  cylinder  acts  on  the  motor  piston.  The  cycle  of  the  engine  is 
OS  follows  : — When  the  displacer  piston  is  at  the  top  of  cylinder  B,  all 
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the  ftir  ia  belov  it  in  F,  heated  by  contact  with  the  fire.     As  the  air 
expands,  its  presBure  is  tranemitted  to  the  working  .cjliader,  and  it 
drives  Dp  the  piston  P.     The  displaoer  piston   is  now  driveD  down 
and  forces  the  air  below,  throngh  the  regenerator,  into  the  vessel  and 
refrigeratoF  at  the  top  of  cylinder  B.      While  the  displacer  is  in  its 
lowest  position,  the  motor  piston  comes  down.     The  air  in  B,  which 
has  already  tmneferred  the  greater  part  of  its  heat  to  the  regenerator, 
is  further  compressed,  and  passes  round  the  refrigerator  pipes  E,  where 
it  is  cooled,  the    heat  from  the  furnace  being  shut  out  by  the  non- 
conducting material  in  D.     By  the  energy  of  motion  left  in  the  flywheel, 
D  is  lifted,  and,  beginning  to  rise, 
forces  down  the  cold  air  above  it 
through  the  regenerator,  where  heat 
is  added  to  it  before  it  reaches  the 
furnace.      The    motor    piston    F    is 
driven  up  by  its  expansion,  and  the 
cycle  recommences. 

Stirling's  Seoond  Engine. — In 
Stirling's  second  engine,  introduced 
in  1840,  patent  No.  8,652,  the  re- 
generator and  refrigerator  are  placed 
on  one  side  of  the  cylinder.  Fig. 
160  shows  the  arrangement,  the 
parts  are  lettered  as  before.  C  ia 
the  displacer  cylinder,  D  the  plunger, 
F  the  space  below  it,  A  the  passage 
'  leading  to  the  motor  cylinder.  E  is 
the  refrigerator  cooled  by  water,  I 
the  passage  to  the  regenerator.  The 
action  of  the  engine  is  the  same  as 
before.  There  are  one  motor  and 
two  hot  air  cylinders.  The  air  is 
delivered  into  the  cylinder  by  a  small 
pump  at  a  pressure  of  150  lbs.  per 
square  inch,  and  passes  through  the 

,.g.ner.lor  from  on.  hot  .ir  oj-linder  ^^  ,«,._a„„j  5„,b  j„^„..  ,5^ 
to    the    other,    driving    the    motor 

piston  up  and  down  in  its  passage.  There  is  no  exhaust,  the  same 
air  being  used  continuously,  and  a  closed  cycle  is  thus  obtained. 
This  engine  presents  in  a  compact  form  the  main  principles  of 
Stirling's  invention,  and  illustrates  better  than  any  other  type  of 
motor  the  construction  of  a  perfect  heat  engine.  Here  we  have  the 
source  of  heat  (the  furnace),  the  source   of  cooling  (the  refrigerator), 
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and  bertween  the  two  the  regenerator,  which  abstracts  heat  a» 
the  air  passes  to  the  refrigerator,  and  refunds  it  as  it  returns  to 
the  source  of  heat.  One  of  Carnot's  chief  propositions  is  here 
put  in  practice.  Heat  is  imparted  to  the  working  agent  at  its 
highest  temperature,  and  withdrawn  at  its  lowest.  In  both  cases 
its  temperature,  previous  to  this  addition  and  subtraction  of  heat,, 
is  raised  and  lowered  bj  the  regenerator.  Theoretically  a  perfect 
reversible  heat  engine  was  the  result,  but  in  practice  it  did  not  work 
well,  and  only  about  7  per  cent,  of  the  total  heat  produced  was- 
utilised  as  motive  power.  A  Stirling  engine  was  used  to  drive 
machinery  for  three  years  at  the  Dundee  Foundry.  It  indicated 
40  H.P.,  had  a  cylinder  diameter  of  16  inches,  and  4  feet  stroke,  and 
required  about  2^  lbs.  coal  per  H.P.  per  hour. 

Bobinson. — A  small  engine  embodying  Stirling's  principles  was- 
brought  out  by  Bobinson,  and  made  by  Messrs.  Pearce  &  Co.,  of  Man- 
chester. It  is  very  compact,  with  one  vertical  single-acting  cylinder 
containing  two  pistons.  The  lower  is  the  displacer  and  regenerator,, 
and  is  filled  with  wire  gauze,  acting  in  the  same  way  as  in  the  Stirling 
engine.  The  section  of  the  cylinder  in  which  the  displacer  moves  to  and 
fro  is  lined  with  firebrick,  to  retain  the  heat.  In  the  upper  part  of  the 
same  cylinder  is  tho  working  piston,  and  here  the  cylinder  is  surrounded 
by  a  water  jacket,  to  serve  as  a  refrigerator.  The  two  pistons  work 
through  connecting-rods  on  two  different  cranks  at  right  angles  to  each 
other ;  the  crank  of  the  displacer  is  in  advance  of  the  motor  crank,  and 
the  displacer-rod  works  through  a  stuffing-box  in  the  motor  piston. 
Instead  of  a  grate  and  coal,  in  which  much  heat  is  dissipated,  the- 
temperature  of  the  working  agent  is  raised  by  a  Bunsen  burner,  fed 
with  air  heated  by  passing  through  a  jacket  outside  the  chimney  carry- 
ing off  the  products  of  combustion.  When  the  displacer  piston  is  at  the- 
top  of  its  stroke,  all  the  air  below  it  is  heated  by  the  burner,  expands, 
and  drives  up  the  motor  piston.  As  the  displacer  comes  down,  it  forces- 
the  air  to  pass  through  the  regenerator  into  the  space  above,  between  the 
two  pistons.  Some  of  its  heat  has  already  been  carried  off  by  the  regene^ 
rator,  and  it  is  here  further  cooled  by  contact  with  the  cold  water  jacket 
of  the  refrigerator.  The  pressure  falls,  and  the  working  piston  descends. 
The  displacer  now  rises,  and  the  cold  air  is  forced  down  through  the- 
regenerator.  In  its  passage  it  regains  the  heat  it  had  parted  with, 
before  it  reaches  the  hot  plate  above  the  Bunsen  burner,  where  it  is 
heated  afresh,  and  the  cycle  repeated  In  this  engine  the  only  cost  is- 
the  supply  of  gas  to  the  burner,  which  is  about  |d.  an  hour  for  a  1-man 
power  engine.  The  air  pressure  is  low,  and  no  pump  is  used  to  supply 
loss  by  leakage ;  the  power  produced  is  very  small  for  the  size  of  the 
engine.     The  largest  size  made  is  a  2-man  power,  running  at  270  revolu- 
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tioQs  per  minute ;  the  cylinder  difunster  is  6  inches,  length  of  stroke  6 
inches.  A  drawing  of  thia  engine  is  given  in  Frofessor  Jenkin's  vftla&ble 
paper  on  "  Gm  and  Caloric  Engines  "  (Proceeding$  of  the  Itutitvtum  of 
Civil  Engineer;  1883),  from  which  many  det&iU  of  this  &nd  other  hot  sir 
engines  h&ve  been  taken. 

A  type  of  this  engine  has  been  introduced   by  Messrs.  Korris  & 
Henty,  of  Manchester,  and  is  shown  at  Fig.  161.    The  principle  of  the 


Fig.  161. — Robinion  Air  Engine. 

motor  ia  the  samt^,  but  the  position  of  the  two  pistons  is  different,  the 
working  cylinder  being  horizontal,  the  displacer  vertical,  and  the  axes  of 
the  two  in  the  same  plane.  B  is  the  motor  cylinder  with  piston,  the 
displacerA  has  a  hollow  perforated  piston  I  filled  with  wire  gauze.  0  is 
the  hmace  in  which  any  fnel  can  be  used,  but  coke  ia  preferable ;  for 
very  small  powers  a  gas  flame,  as  in  the  earlier  engine,  is  most  con- 
venient. There  is  no  exhaust  chimney,  the  air  at  D  being  used  over 
and  over  again.  The  motor  piston  works  through  the  connecting-rod  H 
and  crank  pin  G  on  to  the  crank  shaft  E,  while  two  links  on  the  same 
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pin  give  motion  to  a  lever  F,  which  works  the  displacer  piston.  The 
latter  is  one-fourth  in  advance  of  the  motor  piston.  There  is  said  to  be 
no  loss  of  air  by  leakage,  because  it  is  so  rapidly  cooled  by  the  cold  sur- 
rounding walls  that  the  pressure  &11b  below  atmosphere  during  the  out 
stroke,  and  any  escaping  air  is  drawn  in  again  by  the  resulting  vacuum. 
An  engine  of  |  H.P.  is  said  to  work  at  a  cost  of  Id.  per  hour  per  H.P. 

One  chief  reason  for  the  low  pressures  and  small  amount  of  work 
obtained  from  the  Stirling,  and  its  failure  as  a  practical  engine^  was 
that  the  air  was  not  brought  into  direct  contact  with  the  heat  of  the 
furnace.  In  the  displacer  cylinder,  a  thin  metal  plate  intervened 
between  the  fire  and  the  hot  air,  the  bottom  of  which  was  soon  burnt 
by  the  great  heat.  There  is  no  exhaust  in  engines  of  this  type,  the  air 
being  used  over  and  over  again,  and  the  pump  only  replacing  loss  by 
leakage,  but  this  advantage  is  counter-balanced  by  the  difficulty  of 
heating  the  air.  In  the  Cayley-Buckett  engine  it  is  passed  through  the 
furnace  and,  mingled  with  the  products  of  combustion,  drives  up  the 
motor  piston,  and  is  exhausted  after  expansion,  as  in  an  ordinary  heat 
engine. 

Ericsson. — The  latter  type  of  motor  is  best  exemplified  in  the  cele- 
brated engine  produced  by  Ericsson  in  1826.  As  an  engineer,  Ericsson 
was  a  genius  not  inferior  to  Bobert  Stirling.  During  the  first  half  of 
the  nineteenth  century  he  introduced  numerous  mechanical  inventions, 
and  is  said  to  have  designed  the  first  screw  propeller.  In  his  engine 
hot  air  was  used  in  conjunction  with  steam.  It  was  drawn  into  a 
furnace  below  a  steam  boiler,  and  after  producing  combustion  of  the 
fuel,  and  evaporating  the  water,  it  was  carried  off,  together  with  the 
products  of  combustion,  and  drove  up  the  piston  of  an  air  cylinder  by 
its  expansion.  On  its  way  it  passed  through  a  regenerator.  In  an 
alternative  engine  described  in  the  same  patent,  it  was  proposed  to  mix 
the  products  of  combustion  and  the  hot  air  with  the  steam,  and  admit 
them  alternately  at  either  end  of  the  motor  cylinder,  as  in  an  ordinary 
double-acting  engine.  After  expansion,  they  were  exhausted  into  the 
atmosphere.  Thus  the  heat  was  applied  directly  to  the  air.  Of  course 
it  was  impossible  to  use  the  air  over  again,  since  it  was  required  fresh 
at  every  stroke,  to  support  combustion. 

These  two  engines,  the  Stirling  and  the  Ericsson,  form  two  distinct 
classes,  into  one  or  the  other  of  which  all  hot  air  engines  can  be 
divided.  In  the  first,  the  air  does  not  come  in  contact  with  the  flame, 
but  is  heated  by  conduction  and  by  the  regenerator,  and  is  not  dis- 
charged at  each  stroke.  In  the  second,  it  is  applied  directly  to  feed 
the  flame,  and,  mingled  with  the  products  of  combustion,  produces 
motive  power  by  expansion,  after  which  it  is  exhausted.  In  both 
engines  the  practical  heat  efficiency,  as  compared  with  the  theoretical. 
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is  very  low.  Admirable  as  types,  they  cannot^  for  the  amount  of  heat 
they  tarn  into  work,  be  ranked  with  gas,  oil,  or  steam  engines.  The 
chief  reasons  for  this  deficient  utilisation  of  heat  have  been  already 
explained.  A  large  quantity  of  heat  must  be  added  to  the  air,  before 
its  temperature  is  high  enough  to  produce  a  proper  working  pressure. 
This  necessitates  large  cylinders,  that  a  sufficient  volume  of  air  may  be 
heated,  and  their  bulk,  weight,  and  friction  are  serious  drawbacks  to 
the  extended  use  of  heat  motors  of  this  type.  In  a  Stirling  37  H.P. 
•engine,  the  maximum  temperature  was  only  650**  F.,  and  the  weight 
1  ton  per  I.H.P.  The  consumption  of  coal  per  effective  H.P.  is  also 
very  large,  especially  in  engines  of  the  Ericsson  type.  The  600  H.P. 
engine  originally  made  by  Ericsson  was  said  to  consume  6^  lbs.  coal  per 
H.P.  per  hour,  the  heating  surface  of  the  regenerator  was  4,900  square 
feet.  In  the  Ericsson  engine  tested  by  Professor  Norton,  the  I.H.P.  was 
321,  and  consumption  of  anthracite  1*8  lbs.  per  I.H.P.  per  hour,  but 
there  were  four  motor  cylinders,  each  nearly  14  feet  in  diameter. 

Wenham. — The  Wenham  engine,  introduced  about  1873,  is  in 
some  respects  similar  to  the  Buckett.  The  motor  is  of  the  Ericsson 
type,  and  the  air  is  heated  by  forcing  it  through  a  furnace  lined  with 
iirebrick,  after  which  it  passes  to  the  vertical  water-jacketed  motor 
-cylinder,  driving  up  the  piston  by  expansion.  The  distinctive  feature 
of  the  engine  is  that  the  upper  surface  of  the  motor  piston  is  used  as 
an  air  pump.  Air  is  admitted  into  the  top  of  the  cylinder  through  an 
automatic  lift  valve,  when  the  piston  is  in  its  lowest  position,  and  the 
pressure  has  consequently  fallen.  As  the  piston  rises,  forced  up  by 
the  expansion  of  the  heated  air  from  below,  the  pressure  closes  the 
valve,  and  as  soon  as  the  air  is  compressed  to  15  lbs.,  it  forces  open 
another  lift  valve,  and  passes  to  the  furnace  at  the  side.  In  the  passage 
through  which  it  is  led  off  is  a  valve,  connected  to  the  centrifugal 
governor.  Here  the  current  of  compressed  air  is  separated,  part  passing 
over  and  part  beneath  the  iire  grate,  to  stimulate  combustion.  The 
governor  regulates  the  proportions  of  the  two,  and  thus  the  rate  of 
combustion,  and  the  pressure  of  the  air  delivered  to  the  motor  cylinder. 
Ordinary  coal  is  burnt  as  fuel.  The  hot  air,  after  passing  upwards,  is 
led  off,  mingled  with  the  products  of  combustion,  and  admitted  to  the 
bottom  of  the  motor  cylinder  through  a  lift  valve,  worked  by  a  cam 
on  the  main  shaft.  A  similar  cam  operates  a  second  lifb  valve  for  the 
exhaust.  The  admission  and  discharge  ports  are  both  at  the  bottom 
of  the  cylinder.  The  engine  is  single-acting,  the  expansion  of  the  hot 
air  drives  up  the  piston,  it  descends  by  the  motion  of  the  flywheel  and 
by  the  pressure  of  the  air  stored  above  it,  and  drives  out  the  burnt 
products.  There  are  two  piston-rods,  both  working  on  to  the  same  crank 
shaft.     The  consumption  is  said  to  be  as  much  as  8  lbs.  of  coal  per 
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H.P.  per  honr,  which  is  probably  the  reuoo  why  theae  engines  h«Te 
been  little  used.  A  descriptioD  with  drawings  will  be  found  in  Prwi. 
In»l.  Mech.  Enga.  (London,  1873). 

Bailey. — The  Bailey  engine,  shown  »t  Fig.  162,  is  oonstmoted  on 
the  Stirling  principle.  The  products  of  combustion  pass  from  the  fanuoe 
to  the  displacer  and  power  cylinder,  where  they  mingle  with  and  heat 
the  air,  driving  the  piston.  The  cylinder  is  horizontal,  bat  in  most 
respects,  and  especially  in  the  arrangement  of  the  ragenerator,  the 
Bailey  resembles  the  vertical  Robinson  engine.  There  is  one  long 
cylinder,  Aj,  the  crank  end  of  which,  closed  by  the  piston,  is  surrounded 
by  the  water  jacket,  and  acta  as  a  refrigerator.  The  other  end  serves  as 
the  heater  and  regenerator.  This  cylinder  contuns  two  pistons — F  the 
motor,  working  on  to  the  crank  by  a  connecting-rod  c  and  series  of 
levers,  and  Pj  the  long  displacer,  the  connecting-rod  of  which  passes 
through  the  motor  piston,  and  works  on  to  a  separate  crankjat  right 


Fig.  162.— Bailey  Air  Engine. 

angles  to  the  main  crank.  The  displacer  Pj  does  not  fit  closely  into  the 
cylinder  A,,  but  a  small  passage  is  left  between  them,  shown  at  I>.  This 
piston  is  used  merely  to  cause  the  air  to  travel  backwards  and  forwards 
in  the  cylinder ;  all  the  work,  including  that  of  driving  the  displaoer, 
is  done  by  the  motor  piston.  At  H  is  a  steel  casing  enclosing  the  inner 
end  of  the  cylinder;  F  is  the  furnace.  The  hot  gases  and  products  of 
combustion  pass  upwards  from  the  fnrnaoe  over  the  tire  bridge,  in  the 
direction  of  the  arrows,  into  the  space  O  round  H,  and  the  burnt 
products  are  carried  off  through  the  flue  C.  The  air  enclosed  in  the 
space  L  becomes  highly  heated,  and  drives  out  the  displacer.  As  it 
reaches  the  narrow  opening  D,  it  is  chilled  by  the  water  jacket,  and 
before  it  has  passed  into  L,,  on  the  other  side  of  the  displacer  piston 
Pj,  it  has  parted  with  all  its  heat.  As  the  air  cools  its  pressure  is 
reduced,  the  working  piston  and  displacer  make  their  return  stroke,  and 
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the  cold  air  is  drawn  back  into  the  space  L,  to  be  reheated  first  by  the 
steel  casing,  then  by  the  fnrnace  gases.  Thus  the  beat  is  added  when 
the  temperature  of  the  air  has  already  been  raised  by  the  hot  end  of  the 
cylinder,  and  withdrawn  by  the  refrigerator  after  it  has  been  cooled  by 
expansion. 

The  Bailey  engine  is  said  to  be  based  on  the  designs  of  MM.  Lehmann 
lb  Laubereau,  but  it  is  really  an  English  engine,  strictly  modelled  on  the 
Stirling  type,  though  the  idea  of  a  regenerator  is  not  much  developed.. 
There  is  no  exhaust  for  the  hot  air,  which  is  used  continuously,  and  the 
loss  by  leakage  is  replaced  from  time  to  time  through  a  small  valve^ 
when  the  pressure  falls  below  atmosphere.  The  absence  of  valves  is  an 
advantage  in  this  class  of  engine,  because  the  great  heat  necessary  to- 
obtain  a  working  pressure  soon  wears  them  out.  As  the  air  is  intro- 
duced direct  from  the  surrounding  atmosphere,  and  no  compression* 
pump  is  used,  the  maximum  pressures  are  very  low.  The  following 
detailsof  a  trialfrom  Professor 
Jenkin's  paper  on  <'  Gas  and 
Caloric  Engines"  gives  the 
working  of  a  Bailey  hot  air 
engine : — The  speed  was  106 
revolutions  per  minute,  and 
the  engine  indicated  2*37 
H.P. ;  the  mechanical  effi- 
ciency was  55  per  cent.,  the 

brake  H.P.  being  1*31.  The  stroke  was  6 J  inches,  diameter  of  cylinder 
14{  inches.  The  highest  pressure  obtained  was  14*7  lbs.  per  square 
inch  above  atmosphere,  and  the  temperature  at  this  pressure  was  823°  C. 
The  consumption  of  coal  was  said  to  be  under  10  lbs.  per  hour.  Fig.- 
163  gives  an  indicator  diagram  taken  during  this  trial.  The  engine 
worked  easily  and  required  scarcely  any  attendance. 

These  figures  show  that  to  obtain  a  pressure  of  only  one  atmosphere, 
a  relatively  high  consumption  of  coal  and  high  temperature  are  neces- 
sary. These  are  partly  owing  to  the  transnfission  of  the  heat  through 
metal  to  the  air.  But  the  difficulty  is  not  removed  by  passing  the  air 
directly  over  the  fire,  as  in  the  Ericsson  engine,  and  driving  the  piston 
by  the  expansion  of  the  hot  furnace  gases.  Since  the  air  must  be  dis- 
charged at  every  stroke,  fresh  air  is  continually  introduced,  and  much  of 
the  heat  obtained  is  wasted  at  exhaust.  It  has  also  been  found  that  the 
air,  in  its  passage  through  the  furnace,  becomes  charged  with  grit  and 
unbumt  carbon,  which  score  the  valves  and  passages,  and  cause  firiction 
and  wear  of  the  working  parts. 

Jalm. — A  vertical  engine  on  a  similar  principle  (Hofmann's  system) 
made  by  Jahn  k  Co.,  Boitsfort,  Belgium,  was  exhibited  at  Antwerp  in 


Fig.  163.— Bailey  Air  Engine- 
Indicator  Diagram. 


5o8  GAS,  OIL,  AND  AIR  ENGINES. 

1894.  This  motor  has  also  two  pistons,  a  displacer  below  and  a  motor 
Above,  working  vertically  in  the  same  cylinder.  The  latter  is  divided 
into  three  parts  by  layers  of  isolating  material,  and  the  heat  from  the 
lower  part,  where  the  air  is  heated  by  a  furnace,  cannot  pass  into  the 
upper,  which  is  kept  cool  by  a  water  jacket.  The  rod  of  the  displacer 
piston  passes  through  the  centre  of  the  hollow  motor  piston-rod,  and  both 
work  on  to  the  same  crank.  The  air  heated  by  the  furnace  below  the 
displacer  passes  upwards,  and  drives  up  the  motor  piston ;  when  cooled 
by  the  water  jacket,  it  is  again  forced  down  by  the  displacer,  to  be  heated 
afresh  by  the  furnace,  and  the  cycle  recommences.  The  crank  shaft 
•carries  a  governor  which,  if  the  normal  speed  is  exceeded,  allows  part  oi 
the  hot  air  to  escape,  or  prevents  fresh  air  passing  to  the  furnace.  The 
water  in  the  jacket  is  circulated  by  a  pump.  Drawings  and  a  description 
of  this  engine  will  be  found  in  Zeitschrift  des  Vereines  deutacher  Ing^ieure, 
June  29,  1895. 

Bider. — The  Bider  was  an  ingenious  little  air  engine  brought  out  in 
America,  and  made  in  this  country  by  Messrs.  Hay  ward  &  Tyler.  It  is 
a  compact  and  handy  single-acting  motor,  useful  for  domestic  purposes, 
and  to  pump  water.  It  presents  almost  all  the  features  of  the  Stirling 
type,  the  regenerator,  the  furnace  below  heating  the  air  through  metallic 
walls,  with  no  exhaust  or  other  valves.  There  are  two  vertical  cylinders, 
as  shown  at  Fig.  164,  one  is  heated  by  the  furnace  beneath,  the  other  is 
kept  cool  by  a  water  jacket.  The  same  air  is  used  continuously,  and  is 
passed  alternately  from  one  cylinder  to  the  other.  Unlike  the  Stirling, 
however,  the  motor  piston  is  placed  in  the  hot  cylinder  of  this  engine, 
and  it  is  here  that  the  power  is  developed.  A  is  the  working,  and  B  the 
second  cylinder,  which  acts  as  compressor,  displacer,  and  refrigerator. 
Each  has  a  plunger  piston  of  unequal  stroke  and  diameter,  P  and  P^, 
working  through  connecting-rods,  J  and  J^,  on  two  cranks  on  the  main 
shaft,  carrying  the  flywheel.  The  cranks  are  set  nearly  at  right  angles. 
The  cylinders  are  open  at  the  top,  closed  only  by  the  pistons.  W  is 
the  water  jacket  surrounding  the  compression  cylinder  B  ;  the  piston  of 
cylinder  A  ends  in  a  concave  cylindrical  part  F,  over  the  furnace,  round 
which  the  hot  air  circulates.  Between  the  cylinders  is  a  passage  contain- 
ing the  regenerator  B,  formed  of  a  number  of  very  thin  iron  plates.  As 
the  air  passes  through  this  regenerator  it  either  takes  in  or  gives  out 
heat,  according  to  the  direction  in  which  it  is  going,  whether  from  the 
hot  to  the  cold  cylinder,  or  back  again.  The  fire  at  G  greatly  heats  the 
air  in  the  space  above  it  at  F,  and  forces  up  the  piston  P  by  expansion. 
Meanwhile  the  displacer  P^  is  at  the  bottom  of  its  stroke,  it  then  begins 
to  rise  slowly,  drawing  over  into  cylinder  B,  by  its  suction,  part  of  the 
hot  air  in  A.  Until  this  air  is  completely  cooled,  its  pressure  helps  the 
ascent  of  piston  P^.     When  the  motor  piston  P  has  reached  the  top  of  its 
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stroke,  tbe  other  plunger  is  more  than  half-way  through,  and  as  P 
deBoends,  it  displaces  all  the  hot  air  in  cylinder  A,  and  drives  it  into  the 
cold  cylinder  B,  through  the  passage  and  regenerator  B,  where  a  large- 
portion  of  its  heat  is  deposited.  The  air,  already  reduced  in  temperature, 
ia  further  cooled  by  the  water  jacket  W,  its  pressure  falls,  and  the 
plunger  piston  P^  deicenda,  compressing  the  cold  air  below  it.     It  ia- 


Fig.  164.— Rider  Air  Engine. 

during  this  period — the  last  part  of  the  downstroke  of  Fj — ^that  the  fly- 
wheel does  work,  there  being  no  air  in  the  hat  cylinder  to  act  by  expan- 
sion, but  the  power  exerted  during  this  compression  stroke  is  not  nearly 
as  great  as  the  power  previously  developed  by  the  expansion  stroke  in  A. 
By  tbe  time  the  plunger  Pj  has  reached  the  end  of  its  stroke,  the  motor 
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piston  has  begun  to  rise,  and  the  air  is  again  displaced  and  transferred 
from  the  cold  to  the  hot  cylinder.  As  it  passes  back,  it  absorbs  heat 
from  the  regenerator,  and  more  heat  from  the  concave  part  F  in  the 
motor  piston,  which  forces  it  against  the  hot  -walls  of  A.  When  it 
reaches  the  furnace  the  cycle  recommences. 

The  chief  peculiarity  of  the  Rider  engine  is  that  the  motive  power  is 
not  only  generated  but  exerted  in  the  hot  cylinder,  above  the  furnace. 
This  is  not  a  desirable  arrangement.  In  all  his  various  designs,  Stirling 
was  careful  to  keep  the  motor  cylinder  cool,  and  even  in  the  modifications 
•of  his  engine  where  all  the  operations  take  place  in  one  cylinder,  that 
part  of  it  containing  the  working  piston  is  cooled  by  a  water  jacket.  The 
speed  in  the  Rider  engine  is  from  100  to  140  revolutions  per  minute,  and 
the  maximum  pressure  about  20  lbs.  above  atmosphere. 

Jenkin'B  Regenerative  Engine. — A  hot  air  engine  on  the  Stirling 
principle,  with  a  regenerator,  but  in  which  hot  air  passes  directly  over 
the  furnace  and,  mingled  with  the  products  of  combustion,  drives  up  the 
piston,  was  introduced  by  Fleeming  Jenkin.  In  the  first  type  of  his  Fuel 
Regenerative  engine,  patented  in  1874,  coal  gas  and  hot  air  were  used 
together  to  form  an  explosive  charge.  This  vertical  engine  had  a  com- 
bustion cylinder  with  displacer  piston,  a  motor  cylinder  with  working 
(piston,  and  two  pumps  for  compressing  the  air  and  gas,  all  driven  from 
the  same  crank  shaft.  The  combustion  cylinder  was  lined  with  firebrick, 
and  had  below  it  a  chamber  formed  by  the  clearance  space,  and  continu- 
ally maintained  at  a  white  heat  by  the  explosions  of  compressed  gas  and 
Jiot  air  taking  place  in  it.  The  displacer  piston  contained  the  regenerator 
of  fine  wire  gauze,  as  in  the  Stirling  engine ;  at  the  top  of  this  cylinder 
was  the  cooling  chamber.  The  air  from  the  air  pump  was  driven  into 
the  upper  part,  and  forced  downwards  through  the  regenerator  by  the 
displacer  piston.  In  the  combustion  chamber  it  mingled  with  the  coal 
gas  or  petroleum  admitted  into  the  cylinder  by  a  second  pump,  and  the 
compressed  air,  already  heated  by  its  passage  through  the  regenerator, 
produced  the  ignition  of  the  charge.  The  hot  gases  and  products  of 
combustion  expanded,  and,  entering  the  bottom  of  the  motor  cylinder  at 
a  high  pressure,  forced  up  the  piston.  The  exhaust  gases  were  passed 
through  the  regenerator  before  being  allowed  to  escape  into  the  atmo- 
sphere. A  drawing  of  this  engine  will  be  found  in  Professor  Robinson's 
book. 

A  second  regenerator  engine,  designed  by  Professor  Jenkin  and  Mr. 
Jameson,  was  described,  with  drawings,  in  Professor  Jenkin's  paper 
already  referred  to.  Here  the  object  was  to  construct  an  engine  of  the 
Stirling  type,  but  in  which  the  heat  was  directly  transmitted  to  the 
motor  piston.  One  cylinder  only  was  used,  the  upper  part  containing 
:the  refrigerator,  and  the  lower  the  regenerator,  but  the  clearance  space 
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wna  too  large,  and  there  wtM  oonseqaently  great  lou  of  presBore.  To 
work  the  engine  »  coke  fire  wm  mftde  belov  the  cylinder,  and  the  air  as 
it  became  heated  drove  up  the  pnmp  or  displacer.  As  it  expanded,  it 
passed  through  the  regenerator  round  the  circumference  of  the  cylinder. 
Here  heat  was  withdrawn  from  it,  and  it  became  still  further  cooled  by 
contact  with  the  refrigerator  or  water  jacket,  at  the  top  of  the  cylinder. 
The  contraction  of  the  cold  air  caused  it  to  pass  downwards  again  to  the 
fire,  and  heat  was  restored  from  the  regenerator,  and  from  the  firebrick 
lining  of  the  clearance  apace.  This  engine  did  not  go  beyond  the  experi- 
mental stage. 

Bonier.— M.  B^er,  whose  gas  engine  is  mentioned  at  p.  162,  also 
brought  out  a  hot  tur  motor.     It  is  a  vertical  single-aoting  engine ;  the 


Fig.  ISe.— Burner  Air  Eugiiie.     1SS6. 

piston-rod  works  through  a  horizontal  beam  on  to  the  connecting-rod  and 
crank.  Fig.  165  gives  an  external  view.  There  is  one  motor  piston, 
with  furnace  below  ;  the  connecting-rod  and  crank  shaft  are  shown  to 
the  left  in  the  drawing.  Another  rod,  by  means  of  a  rocking  lever, 
works  the  horizontal  air  pump,  seen  through  the  opening  in  the  base  of 
the  engine.  The  air  pnmp  is  single-acting,  and  sends  a  current  of  air  at 
each  stroke  to  the  furnace  below  the  cylinder  through  a  slide  valve.  The 
valve  works  between  a  slide  face  and  cover,  and  has  openings  correspond- 
ing to  ports  in  the  cylinder.  It  is  driven  by  a  cam  on  the  crank  shaft 
actuating  a  lever,  and  is  held  in  position  by  springs.  The  centrifugal 
governor  inside  the  central  column,  worked  by  a  pulley  on  the  crank 
shaft,  acts  npon  a  small  crank  below  the  air  pump,  and  closes  the  air 
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opening  from  the  pump  to  the  furnace  more  or  less  according  to  the 
speed.     The  air  is  drawn  cold  into  the  air  pump,  and  delivered  at  a  pres- 
sure of  15  lbs.  per  square  inch  into  the  furnace,  where  it  expands  and 
acts  directly  upon  the  piston,  as  in  engines  of  the  Ericsson  type.     The 
greater  part  passes  downwards  to  the  grate,  but  part  is  ingeniously  in- 
troduced into  a  small  groove  hollowed  out  in  the  cylinder.     The  motor 
piston  is  very  long,  and  the  lower  part  is  made  slightly  smaller  than  the 
cylinder,  and  does  not  exactly  fit  it.     In  the  space  thus  formed  round  the 
lower  end  of  the  working  piston,  the  current  of  cold  air  circulates,  keeps 
the  piston  cool,  and  prevents  the  escape  of  dust  or  unbumt  carbon  from 
the  furnace  below.     The  exhaust  is  on  the  other  side  of  the  cylinder. 
The  products  of  combustion  are  discharged  through  an  ordinary  lift  valve, 
raised  as  the  motor  piston  begins  to  descend,  by  levers  acted  on  by  a  cam 
on  the  crank  shaft.     The  furnace  is  fed  automatically  by  means  of  two 
hoppers.     The  proper  quantity  of  small  coke  for  each  charge  is  conveyed 
from  one  to  the  other,  and  the  second  hopper,  shown  to  the  right  in  the 
drawing,  discharges  its  contents  into  a  port  in  a  slide  valve,  which  shoots 
the  coke  down  into  the  furnace.     This  distributing  slide  valve  is  driven 
by  wheels  from  the  crank  shaf^,  and  holds  the  grate  hermetically  sealed 
during  expansion  and  the  ascent  of  the  piston. 

The  Bonier  appears  to  be  one  of  the  simplest  and  most  efficient  of 
hot  air  motors,  and  requires  no  attention  beyond  cleaning  out  the  grate 
once  a  day.  For  coast  fog  signals  it  was  tested  and  approved  by  the 
Trinity  House  Authorities.  A  complete  and  careful  test  on  a  4  H.F. 
nominal  engine  was  made  by  Professor  Slaby  at  Cologne  in  December, 
1887.  The  speed  of  the  engine  was  117  revolutions  per  minute.  The 
total  indicated  work  in  the  motor  cylinder  was  9*23  H.P.,  pump  3*38 
H.P. ;  available  power  only  5*85  H.P.  The  B.H.P.  was  4*03,  and 
mechanical  efficiency  69  per  cent.  The  consumption  of  coke  was  3*6  lbs. 
per  B.H.P.  and  3*1  lbs.  per  I.H.P.  per  hour.  Only  6  per  cent,  of  the 
total  heat  supplied  was  transformed  into  useful  work. 

Gtonty. — ^An  air  engine  of  a  similar  type  to  the  Bonier  was  brought 
out  by  M.  Crenty,  but  does  not  seem  to  have  met  with  much  success. 
A  17  B.H.P.  motor  was  bought  by  the  French  Government  to  drive 
the  dynamos  generating  the  electric  light  on  the  Cap  d'Antifer  Light- 
house, and  to  compress  air  for  a  syren.  The  engine  has  a  vertical  motor 
cylinder  on  one,  and  an  air  pump  on  the  other  side  of  a  horizontal  beam, 
supported  in  the  centre  by  a  column.  The  hollow  foundation  below 
serves  as  an  air  reservoir  and  regenerator.  The  valves  admitting  air  to 
the  pump  have  no  springs,  but  are  held  closed  by  a  number  of  small 
balls,  which  are  said  to  act  quickly  and  e£Eectually.  On  leaving  the 
pump  the  air  is  forced  through  the  regenerator,  a  series  of  tubes  round 
which  the  exhaust  gases  circulate,  and  it  is  thus  heated  to  a  temperature 
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of  about  1,260*  F.  From  thence  it  passes  to  the  motor  cylinder  through 
a  throttle  valve  acted  on  by  one  of  the  two  governors ;  the  other  governor 
regulates  the  pressure  in  the  air  reservoir  and  the  intensity  of  com- 
bustion, according  to  the  power  required.  The  furnace  is  at  the  bottom 
of  the  motor  cylinder,  and  the  hot  gases  from  it  expand  directly  beneath 
the  piston,  and  drive  it  up.  The  cylinder  is  in  two  parts,  the  upper 
being  cooled  by  a  water  jacket,  and  the  lower  perforated  to  allow  free 
passage  to  the  air.  The  hollow  plunger  piston  is  in  three  divisions, 
the  lowest  fitting  into  the  grate,  the  centre  carrying  the  piston-rod, 
and  the  upper  having  also  a  water  jacket.  The  exhaust  valve  is  driven 
by  an  eccentric  from  the  crank  shaft,  and  through  it  the  gases  pass  to  the 
air  reservoir.  The  consumption  of  this  engine  is  said  to  be  about  2  lbs. 
of  coke  per  B.H.P.  hour. 

Experiments  on  two  small  air  engines,  an  Ericsson  and  a  Rider, 
were  made  in  1896  at  the  Engineering  Laboratory  of  the  Massachusetts 
Technological  Institute,  Boston,  U.S.  Both  engines  were  used  for 
pumping  water  at  the  time  of  the  tests.  The  Rider  engine  had  a 
cylinder  diameter  of  6*75  inches  by  9 '53  inches  stroke;  in  the  Ericsson 
the  diameter  of  the  cylinder  was  8  inches,  stroke  3*9  inches.  Particulars 
will  be  found  in  the  Table  of  Tests  of  Air  Engines. 
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BBXABKfl  AXh  ElFBlLBllOK. 


3  oat  of  12  tests,  including 
best  and  lowest  results. 

All  from  Z,  V.D.L,  March, 
1899. 


3  out  of  16  tests,  including 
best  and  lowest  tests. 


3  out  of  10  tests,  including 
best  and  lowest  tests. 


3  out  of  11  tests,  including 
best  and  lowest  tests. 


17— No.  of  Vertical  Columnt. 
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POWER  GAS.— TABLE  No.  8a, 

Tmart^  Inchss  bt  13  Ikohk  Stbokx.  Eudotbio  Iokition.  Bt 
LtiOHTiNa  Oa8,  nine  with  Powxb  Gas.  Taking  Hiohkst, 
iaiionB  cU  end  of  Tables. 
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Professor 


i 

1 

PRU8URIB 

(AlMolate). 

BlM  In 

Tempenture 

of  Cooling 

Water. 
Degrees  W. 

Original 

Tert 
Number. 

HMtt 

■IIIeleiMqr. 

Heating 

kxtmain 
blinder. 

At  end 

of  Com- 

preMion. 

Loi.per8q. 

I.H.P. 
Percent. 

B.H.P. 

Percent. 

Value  of  0«» 

(Lower). 

T.U.  per 

cubic  foot. 

■ 

113-7 

37 

41 

32-7 

24-6 

585-6 

y»-5 

1137 

38 

29 

26-0 

18-7 

578-8 

JOO-O 

118-7 

40 

28 

24-7 

15-2 

568-7 

4 
0 

S83-0 

105-2 

40 

16 

261 

19-6 

573-2 

S 

S16-0 

106-2 

40 

18 

26-8 

18-7 

668-7 

J 

73-6 

103-8 

41 

14 

26*4 

14-7 

617-0 

^34-6 

81-0 

37 

57a 

25-8 

20-2 

590-0 

J07-6 

102-3 

35 

48a 

25-5 

16-6 

591-1 

49-3 

83-6 

37 

496 

24-0 

14*6 

584-5 

126-0 

109-4 

39 

40a 

27-3 

18*1 

123-4 

!48-8 

109-5 

87 

38c 

23*2 

16*0 

142-2 

1 

72-0 

112-3 

38 

39c 

23-8 

16*0 

140  0 

»7-5 

981 

40 

20 

23-2 

17-5 

136-3 

s 

96-2 

101-0 

37 

256 

22-4 

15-6 

131-0 

1 

56*4 

102-3 

42 

226 

22-8 

14-2 

121-0 

47-8 

810 

38 

54c 

21-6 

16-7 

127-3 

46-0 

82-4 

41 

526 

21-9 

13-8 

133  5 

— 

30*8 

82-4 

38 

51a 

21-8 

12-1 
mln. 

135-3 

11 

12 

13 

14 

16 

16 

17 

1 

1903. 

;  No.  4. 

u  Ctundsr,  SnroLK-AoTiNO.    Arbahokd  in  Obdkb 
ui  of  Table$. 
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or 


(oDsamption, 
pclndmg 
DitloD,  per 
^oor.per 

CooiumptiOD 

T.  UiUto 
per  Minute. 

Heat 

Effejr. 

Per 

oentk 

H«at 

BfDojr. 

pep              Adthokitt  ahd 
B«H^.               Bivuuuioi. 

F0P 
cent. 

P. 

ft. 

B.H.P. 
Cub.  ft. 

I.H.P. 

T.U. 

B.H.P. 
T.U. 

•7 

16-4 

127-3 

143-0 

33-3 

29-6 

Z.r.i>./.,vol.  xliii. 

►2 

18-0 

117-5 

149 

361 

28*4 

Do.,           do. 

> 

16*0 

••• 

158 

*•• 

26-7 

Witz,  vol.  iii. 

^2 

16-5 

140 

164-5 

30-3 

26-7 

Report  by  Witz. 

19-2 

•  •  * 

193 

••• 

22-1 

Witz,  Report  Test 

1 

20-0 

193-2 

203 

22-0 

21-3 

Witz,     3rd    edition, 
p.  214. 

1 

21-2 

•  •• 

210 

« 

•  •  • 

20-8 

80c,  d^BncouragemeiU, 
1890. 

0 

23^ 

212 

244 

20-0 

17-3 

Sohottler,  3rd  edition, 
p.  165. 

4 

32-5 

259 

297 

16*3 

14-2 

Schottler,  3rd  edition, 
p.  164. 

6 

291 

252 

300 

16-8 

14-0 

Miller  on  EffioiencieB. 
Ako  Clerk. 

0 

33-2 

266 

305 

16-0 

18-9 

SUby,  Report. 

14 

1 

15       1 

16 

17 

18 

19— No.  of  Vertical  Columne. 
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gUsh  and  Foreign,  abbavobd  iir  Ordeb  of  Mbbit  of 
.H.P. 


i;  HeitiDg 

',      (rf 
Qwper 
cob,  ft. 


T.U. 


HMtlng 

Value 

of 

Fuel 

per  lb. 


T.U. 


iis-o 


143*8 

lower 

129*5 


105-0 


90*13 


144-0 
lower 

144*0 
lower 

102*0 
hlfl^r 

162*0 
bfffher 


J  I   135-0 
lower 

l|    131-0 


I      165-0 


1      167-0 


1      128-0 


J      156-0 


16 


ChMUiedper 

hour,  loclnaing 

Igultlon, 

per 


7,067 


12,060 


14,200 


14,200 


12,003 


18,500 


12,200 


14,188 


I.H.P. 

c.  ft 


B.H.P. 


Heat 

Bfll0l9iioy* 


Gener- 

ator 

per  ct. 


67*2 


62*0 


57*9 


66*7 


60-1 


71-0 


80-0 


77*4 


60*2 


81-5 


79-8 


90-0 
88-0 
85-0 
86-0 


85*0 


95-0 


71 


81 


67 


61 


71 


81 


85 


■.N.P. 
pt9L 


Kvmnioi 
Naxb  or  Fun,  Usid, 

40. 


29*0 


29-6 


24-1 


22*2 

21-78 

21-5 

20*2 

19*8 

19*5 

19-3 

18*8 

18-2 
18*2 
160 
14-0 


69     13*7 


16 


17 


18 


19 


Meyer's  Report. 
Oerman  Brown  Coal. 

Humphrey,  Inai. 

M.K, 

Oerman  Oae  Liahting 
Journal^  3rd  Not., 
1900. 

2-cycle  double-acting 
engine. 

From  Humphrey. 
Small  ooaL 

Humphrey,  InH, 

Z.  V.D.I.,  Dec.  21- 

28,  1895. 
Belgium  anthracite. 

Do.  do. 


French  Anzin  coal. 
Report,  Delamare. 

Witz,  3rd  edition, 
p.  213. 

Z.F./).i:,Oct.24,'96. 
Gas  coke. 

Bolivian  anthracite. 
Ehigineering,  Nov.  15, 
1901. 

P.  I.  C.  E. ,  voL  cxxix. 
Slack  coal. 

Witz,  3rd  ed.,  p.  220. 
Anthracite. 

Eke  Bev.,'Soy.5,*91. 
Coke. 

Report,  Robinaon. 
Anthracite. 

Joum.  FranUinlnst., 
vol.  czzxv. 


ao 


21— Na  of  Vert.  Coli. 


':>] 


No.  e. 

kgUsh  and  ContinentaL    Ssoohd-clabs  Tsbts.    No  Hxatino 
r4-CTCLS  Enoikis.    No  Hkat  Eiticisnct  oak  bb  Givbn. 
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Ho. 

« 

kechl. 
•  of 

Fuel 
per  houp 

Klndorrnel 

Uted 

In 

Oenentor. 

AUTHOUTT,  Kbpbrkncb,  *a 

■""•  ingme 

■ 

I.ffp. 

IIM. 

per 

B.H.P. 

lbs. 

1 

1     85 

1 

0-74 

0-88 

Anthracite    . 

Manchester  Assoc.  Engineers, 
March,  1899.    2  engines* 

2     ... 

0-65 

0-95 

da      .     . 

Test  by  makers. 

3  .... 

0-76 

1-06 

do.     •    . 

Engineer,  Feb.  12,  1892. 
2  cylinders. 

4     ... 

•  •  • 

1-06 

do.      .    . 

Swiss  Loco.  Co.,  Winterthnr. 

6     ... 

0-77 

(1-07) 

da     .    . 

From  makers  at  half  load. 

6     ... 

0-85 

(MB) 

do.    .  . 

Witz,  vol.  iii.,  p.  191. 

7   .... 

... 

i-as 

do.     .    . 

PJ.C.E.i  vol.  cxii. 

4  engines  s  about  280  H.P. 

8    ^... 

•.. 

1-30 

French  dry 
coal 

Wits,  voL  iL,  p.  17a 

9  je9 

*•• 

1-34 

Anthracite    . 

Witz,  3rd  edition,  p.  220. 

loM... 

1 1 

1-06 

(1-36) 

do. 

Engineer,  Feb.  12,  1892. 

11    77 

112 

1-45 

French  coal  . 

Report,  Debontteville. 

12   ^86 

1-2 

1-4 

Bitnminons 
Slack 

Report  by  Messrs.  Andrew. 

18   :... 
14  .81 

1-20 
1-26 

(1-50) 
1-53 

Anthracite    . 
Gaa  coke  .    . 

P./.C.A?.,  voL  cxi. 
DowBon's  paper. 
Test  by  makers. 

15  153 

■  ■  • 

1-58 

do.       .    . 

Witz,  vol.  iii.,  p.  187. 

16  lis 

1-24 

1-60 

do.       .    . 

Witz,  vol.  ii.,  p.  171. 

17  ;... 

*  •  • 

1-66 

do.       .    . 

Witz,  voL  iii.,  p.  189. 

18  ■ ... 

19 ; ... 

130 

•  •  • 

1-67 
1-70 

Anthracite 
Coke    .     .     . 

P.I.CE,,  vol.  cxi. 
Dowson's  paper. 
Witz,  vol.  ill.,  p.  201. 

20  ,.. 

21  '.76 

1*40 
1*40 

(1-75) 
(1-80) 

Anthracite 
French  coal   . 

P,LC,E.,  vol.  Ixxiii. 
t>ow8on*s  paper. 
Witz,  vol.  ii.,  p.  169. 

22  .... 

28  I74 

24  ... 

25  1... 

•  •  • 

1-45 

•  •  » 

•  ■  • 

1-90 
1-97 
1-97 
3-60 

Anthracite    . 
do. 

do. 

Waste  wood,  | 
Coal.  J           » 

P.I.C.B.,  vol.  cxi. 
Dowson's  paper. 
P.^C.A'.,  vol.  Ixxiii. 
DowBon's  paper. 
P.I.C.E.,  vol.  cxi. 
Dowson's  paper. 
Witz.,  vol.  iii.,  p.  213. 

,  BU- 

r FBW  OTHBB  DbtAILS. 

1 

SS 

•  •  • 

12 

■  *  • 
•  •  • 

•  •  • 

0-81 

Efficiency  of 
Generator 
90  per  cent. 

Heating  value  of  gas  148  T.U. 

per  cubic  foot. 
Inst.  EUc.  Engs. ,  1904,  part  1 65. 
Heating    value    of   gas    148-1 

T.U.  per  cubic  foot. 
Witz  Report. 

18 

14 

16 

16— Na  of  Vertical  Columns. 

, 

ackel 
at  e 

^  (Col.  1 
nd  of  Ta 

4)  appro: 

dmate,  and  we 

re  not  given  in  the  Tests. 

LE   7. 

iNOUB  Ctukdeb.    Abrakobd  in  O&dkb  of  Mbkit  or 
1-7. 
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Ko. 


oDtiimed 
'hour 
iper 

u 


HMbt  Used 
In  T.U.  per 
IQirateper 


I.H.P. 

T.r. 


"i  101-0 


°1   «^ 

1 


6 


i< 


8 


9 


10 


<< 


ti 


u 


107-0 


116-0 


120-6 


124-0 


117-6 


126  0 


14 


T.U. 


Heat 

■Ullel^iMqr 


I.H.P. 


■.H.P. 
p.  •!. 


134-0     163-0 


93-5      139-0      164-0 


96-0      1410 


168  0 


99-0      139-5     175-0 


149-7     200-2 


1530     206-0 


182-8     209-6 


153  0     209-0 


1830  :  215-4 


158-0  ,  231-0 


15 


16 


31-5 


30-0 


do. 


30-0 


28-3 


27-0 


23-2 


27-7 


231 


27  0 


26  0 


26*0 


do. 


24*0 


21-0 


20-6 


20-2 


20-3 


20-0 


18-3 


18 


Ekfesinci  ahd  rucarks. 


Blowing  air,  7|  lbs.  per 

square  inch. 
BtUt.    de   la   Soe,    Ind, 

Min. ,  vol.  xiv. ,  p.  1461. 

Z.  V,DJ.,  1899,  pp.  448, 

483. 
Full  power. 


Do. 
Full  power. 


do. 


2r.r.A/.,1900,  p.  1213. 
Full  power. 


Same  engine. 
Leas  power. 


Z.V.D.L,  1809,  pp.448, 

483. 
Half  power. 

Bevue  Univ.  des  Mines, 
vol.  liz.,  p.  273. 


Test  with  brake  on  same 
engine  as  No.  1. 

Witz,  vol.  iii.,  p.  214. 


Same  engine  as  No.  4. 
Half 'power. 


19— No.  of  Vert.  Cols. 


•n  at  End  of  Tables, 


LE  No.  8. 
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■ 

t 


^H  Onb  to  FdUB  Ctlindbbs.    Abranoeo  in 
EUBCTKIC  loNmov. 


Ko. 


lined 
or 


Heat  used 
in  T.U.  pep. 
Minute  per 


I.H.P. 

.ft 


I.H.P. 
T.U. 


B.H.P. 

T.U. 


Heat 
MOMmncy 


I.H.F. 
p.  ct. 


100 


10-4 


3 


do. 


013 


6 


148-3 


155-0 


106-6 


173  3 


28-6 


27*3 


■.N.P. 


KinBlirCB  AND  RIMI&KS. 


8 


9 


1^-' 


I  3-69 


.4-7 


[8-0 


r,  AND  MSAN  OF  NiHBTKBK  EXPERIMENTS. 


10 


144-3 


165-0 


159-0 


171-6 


198-3 


203-3 


do. 


178-8 


193-3 


202-9 


221-2 


245-0 


300-0 


29-4 


25-7 


26-8 


24-7 


21-7 


20-8 


26-5 


24-4 


24-4 


23-7 


22-0 


20-9 


19-3 


17-3 


14*4 


Sibley    Journal,    June, 

1900. 
Full  load. 

Sibleff    Jounuxi,    June, 

1900. 
Full  load. 
Same  engine  as  No.  1. 

Humphrey,  I.M.E,.  1900. 
FuUkNuL 

Sibley    Journal,    June, 

1901. 
4-Cy  linden. 

Two- thirds  load. 
Same  engine  as  No.  1. 

Sibley  Journal,  October, 

1901. 
3-Cylinder8. 

Same  engine  as  No.  8  but 
in  bettor  condition. 

^.^.Jf.J?.,1900,  vol.  21. 


Do. ,  do. 

Same  engine  as  No.  8. 
Less  power. 


109  7 

163-4 

38  0 

27-6 

140-0 

171-7 

30-3 

24-7 

120-3 

251-6 

35-2 

16-8 

18 

16 

16 

17 

Meyer's  Report. 
Electric  Ignition. 


Do.         do. 


Do.         do. 


19— No.  of  Vertical  Cols. 


i. 
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rhermal  Eflleieney  pbb  Braks  H.p.    Chikflt  4-Cycijb. 

i  1 

Oil  used  per 

TlL  Unite 

hour  inelading 

per 

Ho»t 
BfToy. 

B.H.K 
pep 

Lamp  per 

Minute  per 

1 

i 

AUTHORITY,  BBMASXS,  Ao. 

I.H.P. 

B.H.P. 

I.H.F. 

B.H.P. 

lb. 

lb. 

T.  U. 

T.  U. 

^p^SA^e 

\     0  33     0*41 

107  1 

131-2 

32-3 

Proc.  Ifiet,  Mech.  Enffs,, 

I 

July,  1903. 
Z.KB.L,    1903,    Nob. 

»      0-33     0*42    103-2 

131-0 

32-1 

1 

18,  19. 

b      0-32     0-45 

182-8 

209-6 

31-4 

Congris  de  Hicanique, 

\      0-34     0-44 

105  0 

138-0 

30  1 

Meyer's  report. 

f  ;  0-36     0*46    116-8 

147  0 

28  8 

Prac.  In8t.  Mech.  Elngs,, 
July,  1903. 

...          l/'4o         ... 

148-4 

28*6 

Report,  Taborsky,  The 
Engineer,  Mar.  21,  *02. 

0-39  1  0-49    120*8 

t 

1            1            ' 

154  0 

27  6 

Z.V.V.I.,    1903,    Nob. 
18,  19. 

)       ... 

t 

0-60       ...    .  1540 

27-3 

From  Ptof .  Meyer. 

)     0-39 

0-62    119-0  [1590 

26  8 

-2r.F./)./.,  July  24, 1897. 

1 

0-40     0-64 

122-0    165-0 

26*8 

Do.,         do.,       do. 

)       ...        0-637i     ...      1660 

25-7 

From  Prof.  Meyer. 

•  •  • 

0-56       ...      170-0 

26-0 

Do.          do. 

)       ... 

0-59       ...      1940 

21-0 

Report,    Ringelmann, 
P.I.CE.,  vol.  cxxi. 

' 

1 

H)       ...        0-67 

...    12010 

21  0 

Z.V.DJ.,  vol.  xliii. 

Ip       ...       0-67 

1 
...    ,2210 

19  2 

Reoort,    Ringelmann, 
P.LC.E.,  vol.  cxxi. 

H 

1 

lb      0-47  ;   0-67 

165-6 

222  0 

19-1 

Engineering f  June    19, 

R  '      ' 

190.3. 

)      0-64 

0-74    198-0 ,  230-0 

i 

186 

Report  Hiffh.  Agri.  800. 
Scotland,  1899. 

)      0-63 

0-74  1  196-0  235-0 

18-1 

Report,  Robinson. 

lo     0-61      0-79 

1900 

246  o|  17-3 

Agri.  Soc.  Scotland,  1899. 

to  '  0-68      0-80 

2110 

249-0 1    17-1 

Do.            do. 

f)       ...       0-76 

...    12520 

16-9 

Report,  Ringelmann,  also 
P.I.C.E.,  vol.  cxxi. 

M    '           ' 

1 

)     0-73      0-82 

226  0   254  0 

16-8 

P.  JR.  Agri.  80c.,  1894. 

)       ...     ;   0-83 

...      264-0 

16-8 

^.F./>./.,Oct.  24,  1896. 

)       ...        0-83 

...    '257-0 

16*6 

R.  Agri.  Soc,  1894. 
Do.          do. 

0-83 

...    ;2570 

16-5 

)       ...     ,  0-82 

...      203  0 

16-2 

Repovt,  Hartmann,  L., 
P.I.C.E.,  vol.  cxxi. 

1 

1 

1 

1 

D     0-71     0-84 

2220 

263  0 

16  2 

Report,  Stanfield. 
Full  power. 

)  ;  0-69      0-82 

226  0 

266  0 

267  0 

16*1 
16*9 

Report,  Beaumont. 

Report.  Hartmann,  Agri. 
Soc.  Germany,  1894. 

1                       ' 
)       ...        0-83       ...    j 

'     .      ,                       ' 

f          .  •  •       '    U  *o4          ... 

277  0 

16  3 

Report.  Ringelmann. 
19—^0.  of  Vertical  Cols. 

14 

16 

16    : 

1 

17 

18 

^ee  Explanaiions  <U  end  of  Tables, 


kjontintied, 
H  OF  Merit  of  Themial  Effleieney  psb  Braks  h.p. 
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Jfo. 


Oil  used  per 
Hoar,  toeliullng 

Th.  Unite 

per 

Klnuteper 

LH.P. 

B.H.P. 

LH.P. 

B.ILP. 

lb. 

lb. 

T.  U. 

T.  U. 

0*89 

•  •  • 

292 

0-86     0-94 

272 

297 

...       0-96 

•  •  • 

300 

0-93 

•  •  • 

300 

0-77     0-96 

240 

298 

0-81     0-97 

261 

301 

...       0-92 

•  •  ■ 

304 

0*62 

0-98 

192 

304 

Heat 

Biroy. 
taklnjr 


oentfe 


AuraOUfT,  HWiAKM,  ^0. 


14-6 
14  3 
14-2 
14-2 
14-2 

14-1 
140 
140 


Z,V,D.I.,  Aug.  17,  1896. 
PJ.C.B.,  vol.  oix. 
Agri.  Soo.  Scotland,  1899. 
Report,  Hartmann. 
Same  engine  as  No.  27. 

Half  power. 
P,  R,  Am.  8oe.,  1894. 
Report,  Kingelmann. 
P.  B.  Agri.  5oe.,  1894. 


X)  :  0-93 

j^J     \        •  •  • 


0-93 
0-96 
0-96 
0-96 
0-94 
1-04 
1-00 


288 


307 
310 
310 
313 
312 
322 
322 


13-9 
13-7 
13-7 
13-6 
13-6 
13-2 
13-2 


1-00 
1-00 


322 
327 


13-2 
13  0 


0-75 


0-88 
0*93 


100 
1-06 

1-08 
110 
1*05 
110 
112 
1-16 
1  16 


233 


273 

288 


328 
329 

335 
335 
342 
341 
346 
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Report,  Ringelmann. 
Report,  Hartmann. 
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Do. 
Z.V.D.L,  1896,  p.  616. 
P.  R,  Agri,  See.,  1894. 
Report,  Hartmann. 


Do. 
Do. 


Do. 
P.  AgtH.  Soe.  Scotland, 

1899. 
P.  R.  Agri.  Soc.,  1894. 
Z.y.D.L,  Oct  24,  1896. 
Report,  Hartmann. 
Test  by  Donkin.  . 
P.  R.  Agri.  Soc.,  1894. 
Report,  Hartmann. 

Do.  (Orob). 


P.  Agri.  Soe.,  Scotland, 

1899. 
Report,  Hartmann. 
P.  R.  Agri.  Soc.,  1894. 
Report,  Hartmann. 
P.  Agri.  Soc.,  Scotland, 

1899. 
Report,  Hartmann  (Grob). 
Do. 
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P.  R.  Agri.  Soc.,  1894. 
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847 
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16 
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5  0 
48 
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Keport,  Hartmann. 
Clerk,  Oas  Eng.,  p.  159. 
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Wheeliaod 
ohaiD 
Strap 


Wbealaand 

chain 

do. 
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da 
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wheels 
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chain 
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chain 

do. 

Wheels  and 

belt 

Belt  and 

chain 

Wheels  and 

belt 

da 

do. 

Cogi 

Belts  and 
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Not  Terr  cood  on  road. 
AntomobOe  AseociatlML. 
Vei7  good  on  hill  and  road. 
U  H.P.  nominal  motor. 
Good  on  road. 
12  miles  per  hoar  asmmed,  bat 

went  fester. 
Very  good  on  road. 
Less  good  on  hilU    6|  H.P.  nom. 
Good  on  road :  lets  good  on  hill. 
12  miles  per  hour  assamed,  hat 

went  faster. 
Good  on  road ;  hlU  not  good. 
4  nominal  H.P. 
Motor  Sapifthr  Co. 
Good  on  road  and  on  hill. 

do. 

Very  good  on  road  and  on  hlli 

Hewetson. 

On  road  good ;  hill  not  good. 

Hewetson. 

Boad  very  good ;  hill  good. 

Good  on  hill  and  road. 
Automobile  AssoclaUon. 
Good  on  road ;  hill  not  good.     ' 
Automobile  Association. 
Not  good  on  hill  and  road. 
Good  on  hill,  but  not  on  road. 
Automobile  Association. 
On  hill  Kood ;  on  road  fair. 
Automobile  Association. 
Good  on  hill  and  road. 
Automobile  Association. 
Many  stops  on  road ;  hill  fair. 
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On  road  good.     10  H.P.  nom. 
Motor  Carrlsge  Supply.    Lorry. 
Post-ofBce  Covered  Van. 
Good  on  road. 

Lorry.    Good  on  road.    5  H.P.N. 
Motor  Carriage  Ca 
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steel 
do. 


Gear 
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Good  on  road.     Steamer. 
Oolce  fuel,  10/  per  ton. 
Good  on  roao.     Steamer. 
Coal  fuel,  20/  per  ton. 


8    run.       Pro   ROTAL   AORICULTUIUL   SOCIETT,    1898. 
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Very  good  on  road. 
Oil  spirit,  7id.  per  gallon. 
Good  on  road.    176  lbs.  pressure. 
Coal  fuel  for  boiler,  20/  per  ton. 
Few  stops.    200  lbs.  pressure. 
Oil  fuel  for  boiler,  4}d.  per  gall. 
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EXPLANATIONS  OF  ELEVEN  TABLES  OF  TESTS  OF  GAS  AND 

OIL  ENGINES. 

With  Town  or  Lighting  Oas  (Chiefly),  Tables  1  to  4,  with  Heat 

Efficiencies. 

Table  No.  1.— Gives  32  Tests  on  different  English  Engines  from    3    to    54  B.U.P. 
Table  No.  2. — Gives  32  Tests  all  on  same  English  Engine 

(Professor  Burstall)  from        .        .  .       1)  ,,       4      ,, 

Table  No.  3. — Gives   12  Tests  all  on  same  German  Engine 

(Prof.  Meyer)  from 6J  „     10      „ 

Table  No.  3a. —Gives  18  Tests  all  on  same  Deutz  Engine  (Prof. 

Meyer)  from 5     „     10*3  „ 

Table  No.  4. — Gives  11  tests  on  French  and  German  Engines 

from 4     „     66      „ 

With  Power  Gas,  Tables  5  and  6,  the  Former  with  Heat 

Efficiencies. 

Table  No.  5. — Gives  16  First-class  Tests  on  different  Engines, 

English  and  Foreign,  from     .  .      7    to  368  B.H.P. 

Table  No.  6. — Gives  27  Second-class  Tests  on  different  Engines, 

English  and  Foreign, 3     ,,   290 


it 


With  Blast  Furnaee,  Natural,  and  Coke*Oven  Oases, 

with  Heat  Efficiencies. 

Table  No.  7. — 10  Tests  on  different  Foreign  Engines  driven 

with  Blast-furnace  GaseSj  from  .     21    to  725 

Table  No.   8. — 12  Tests  on  different   Engines  driven  with 

Natural  and  Coke-oven  Gas,  from  .        .     66     „   006 

Oil  Engines  with  Heat  Efficiencies. 

Table  No.  9. — 74   Tests  on  different  Engines,   English  and 

Foreign,  from 2     ,,   164 


i» 


)f 


*) 


Oil  Motors  AND  Passenger  Carriages  on  Roads ;  also  Goods. 

Table  No.  10. — ^26  Tests  on  different  Engines,  giving  lbs.  oil  used  per  mile  per  ton 

weight.  At  Richmond  by  Judges  of  Automobile  Club,  London ; 
at  Birmingham  by  Judges  of  the  Royal  Agricultural  Society ; 
also  a  few  tests  on  Steam  Lorries  for  comparison. 

Table  No.  11.— Air  Engines,  13  Tests. 

Note. — T.U.  means  always  B.T.U.  or  British  Thermal  Units. 
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Tablb  1.— Lighting  Oas— Tests  of  English  Engines,  1878-1902. 

These  32  Tests  are  chiefly  on  four-cycle,  single-acting  motors,  and  are  tabolaied 
in  order  of  merit  of  heat  efBciency  per  B.H.P.  They  are  nearly  all  on  different 
motors,  although,  in  a  few  cases,  the  same  engine  was  tested  at  different  loads. 
Col,  1  gives  a  No.  to  each  experiment.  Co/.  2.  The  name  of  the  maker.  Ccl,  5, 
The  name  of  the  experimenter,  and  includes  many  well-known  scientific  men. 
Col,  4'  Town  or  Place  where  the  test  was  made.  Col,  5,  The  year  of  test.  CoU.  6 
and  7.  The  diameter  of  cylinder  and  stroke  in  inches.  Col,  8,  The  mean  number 
of  revolutions  per  minute  during  the  test.  Col%,  9  and  10,  The  I.H.P.  and  the 
B.H.P. ;  the  latter  varies  in  this  table  from  a  minimum  of  3 'to  a  maximum  of  54. 
Ccl,  11  is  the  mechanical  efficiency  per  cent.,  found  by  dividing  the  figures  given  in 
Col.  10  by  those  given  in  CoL  9.  For  example,  in  No.  1  test  the  LH.P.  is  26 '4,  the 
B.H.P.  230,  then  87  per  cent,  of  26*4  gives  23,  and  this  is  called  the  mechanical 
efficiency.  Approximately,  the  engine  takes  13  per  cent,  of  the  power  generated  to 
drive  itself,  and  this  gives  a  measure  of  the  friction  of  all  the  working  parts,  which 
it  is  important  to  diminish  as  much  as  possible  by  lubrication  or  otherwise.  Col.  12 
gives  the  heating  value  of  the  gas  used  on  the  day  of  test  in  British  Thermal  Units 
per  cubic  foot,  generally  determined  in  a  gas  calorimeter  at  a  certain  temperature  and 
pressure,  but  sometimes  calculated  from  the  analysis  of  the  gas.  It  varies  from  813 
to  561  T.U.  in  this  table.  All  these  values,  being  English,  are  stated  in  what  is  called 
the  lower  heating  value  of  the  gas,  as  explained  fully  when  dealing  with  this  subject. 
Cols,  13  and  14  give  the  cubic  feet  of  gas  consumed  per  hour  per  I.H.P.  and  per 
B.H.P.,  including  ignition.  This  is  obtained  by  the  readings  of  a  reliable  gas  meter, 
allowance  being  made  by  the  experimenter,  when  necessary,  for  the  temperature 
and  pressure  as  recorded  at  the  gas  meter,  so  as  to  correct  the  values  when  tested  in 
the  calorimeter.  Cols.  15  and  16  show  the  heat  in  B.T.U.  per  minute  consumed  by 
the  engine,  both  for  the  LH.P.  and  the  B.H.P.  This  is  calculated  in  the  following 
way,  from  Cols.  13  and  14.  Let  us  take,  as  an  example.  No.  1  test.  The  cubic  feet 
of  gas  per  hour  per  B.H.P.  was  16*1,  this  multiplied  by  the  heat  in  one  cubic  foot 
of  gas — viz.,  630  T.U. — gives  the  T.U.  per  hour,  and  dividing  by  60  minutes,  we 
obtain  170  B.T.U.  expended  per  B.H.P.  per  minute,  as  in  Col.  16.  The  figures  in 
Col.  15  are  calculated  in  the  same  way.  This  useful  figure  of  heat  expended  per 
minute  per  B.H.P.  enables  us  to  make  comparisons  with  other  heat  engines,  such 
as  steam  or  oil.  Col.  17  gives  the  heat  efficiency  of  each  motor  per  B.H.P.  This  is 
the  most  important  column  for  comparing  the  different  engines,  and  is  here  adopted 
as  tlie  figure  of  merit.  It  is  arrived  at  as  follows,  taking,  as  an  example,  test 
No.  1 : — Col.  16  gives  the  actual  heat  expended  per  minute  per  B.H.P.,  in  this  case 
170  T.U.  Now,  in  a  theoretically  perfect  motor,  only  42i  T.U.  per  minute  should 
be  expended  in  heat  per  B.H.P.,  instead  of  170  T.U.  per  minute.  Dividing  42^  by 
170  gives  25  per  cent,  as  the  heat  efficiency.  In  other  words,  this  motor  expended 
four  times  the  theoretical  quantity  of  heat.  Some  may  ask  how  this  constant  42| 
is  arrived  at?  It  is  simply  33,000  ft. -lbs.  per  minute,  or  one  H.P.  divided  by  Joule> 
equivalent  of  heat — viz.,  778  ft. -lbs.  for  one  T.U.  Dividing  33,000  by  778  equals 
42*42.  All  the  heat  efficiencies  for  these  tests  in  all  the  tables  have  been  worked 
out  in  the  same  way.  *  Cols,  18  and  19  give  the  cycle,  whether  two-,  three-,  or  four- 
cycle, and  also  show  whether  the  engine  is  single-  or  double-acting.  Col,  SO  gives 
the  authority,  reference,  &c.,  for  each  test.     The  B.H.P.  varies  in  this  table  from 

*  All  the  calculations  in  the  later  tables  have  also  been  worked  out  on  the  basis  of 

42-42 

T.U.  per  minute  per  I.H.P.  or  B.H.P.  (respectively)* 
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aboat  3  to  54 ;  the  mechanical  efficiency  from  66  to  88  per  cent.,  according  to  the 
different  motors.  When  buying  an  engine  it  is  important  to  see  that  It  absorbs  the 
minimum  power  in  all  its  working  parts,  especially  in  the  piston  rings  and  crank 
shaft  bearings,  where  the  greatest  friction  generally  occurs.  Lubrication  should  be 
attended  to,  and  most  makers  guarantee  a  certain  mechanical  efficiency.  It  is,  how- 
ever, much  more  important  that  they  should  guarantee  the  heat  efficiency  for  a 
certain  sized  engine  working  with  a  certain  gas.  The  heating  value  of  the  gas  used 
in  the  different  towns  varies  from  561  to  813  T.U.  per  cubic  foot.  A  simple  state- 
ment or  guarantee  that  a  given  engine  will  consume  so  many  cubic  feet  of  gas  per 
hour  per  B.H.P.  is  merely  approximate,  and  means  little.  The  heating  value  of  the 
gas  should  always  be  mentioned.  The  best  figure  for  any  guarantee  as  to  economy 
between  a  maker  and  a  purchaser  is,  however,  the  heat  efficiency  per  B.H.P.  A 
sliding  scale  in  the  shape  of  a  money  premium  or  fine,  to  vary  in  proportion  to  the 
actual  heat  efficiency!  and  the  guaranteed  efficiency,  appears  just  to  both  parties. 
This  heat  efficiency  should  be  determined  for  a  given  load  and  speed  and  a  given 
gas,  from  the  results  of  an  official  test  on  the  engine  in  question.  *  The  cubic  feet 
of  gas  per  I.H.P.  and  per  B.H.P.  vary  in  the  table  from  14*5  to  a  maximum  of  30 
for  modem  motors,  and  in  the  older  tests  40  to  70  cubic  feet.  The  heat  efficiency 
per  B.H.P.  varies  from  a  maximum  of  25  per  cent,  to  a  minimum  of  6  per  cent,  for 
older  engines :  in  modem  motors,  say,  from  25  to  15  per  cent.,  according  to  different 
makers,  different  types,  speeds,  and  sizes  of  engine,  and  loads,  &c.,  &c.  For  this 
first  table  explanations  and  calculations  have  been  given  in  some  detail,  but  in  the 
'Other  tables  they  need  not  be  repeated,  as  the  same  system  has  been  followed. 

Table  2.-82  Tests  with  Birmingham  Town  Oas.    Aix  on  the  Same  Engine, 
6  Inches  Cylinder  Diameter  bt  12  Inches  Stroke. 

These  interesting  and  instructive  trials  are  tabulated  from  the  First  and  Second 
Beports  of  the  Gas  Engine,  Research  Committee  of  the  Institution  of  Mechanical 
EjigineerSy  London,  and  were  made  by  Professor  Burstall.  The  author  was  a 
member  of  this  Comzmttee.  In  addition  to  all  the  usual  figures,  Professor  Bur^ 
stall  gives  the  compresuon  pressure,  the  ratio  of  the  volume  of  air  to  that  of  gas, 
and  the  analysis  of  the  exhaust  gases  leaving  the  cylinder.  In  the  first  set  of  tests 
tube  ignition  was  used  ;  in  the  second  the  charge  was  fired  electrically.  The  speeds 
varied  greatly  in  the  first  series ;  in  the  second  they  were  as  far  as  possible  main- 
tained uniform.  In  both  trials  it  was  found  'that  the  highest  compression  gave  the 
highest  thermal  efficiency,  or  the  most  economical  results.  The  best  ratio  of  air  to 
gas  for  the  explosive  mixture  seems  to  be  about  8^ ;  this,  however,  requires  to  be 
controlled  by  further  tests  with  all  other  conditions  remaining  constant.  The  engine 
was  four-cycle,  single  cylinder,  single-acting.  Cols.  X  and  2  in  both  Tables  give  the 
test  number  and  the  average  number  of  revolutions  per  minute,  which  varied  from 
107  to  207  ;  at  204  revolutions  the  piston  speed  equals  408  feet  per  minute ;  Cols,  S 
and  4  the  I.H.P.  and  the  B.H.P.  ;  the  latter  varied  from  1*3  to  4*1.  Col.  5  gives 
the  heating  value  of  the  town  gas  iised  which,  although  coming  from  the  same  gas 
works,  varied  a  good  deal,  as  is  often  the  case,  viz.,  from  540  to  635  T.U.  per  cubio 
foot.  A  Junkers'  gas  calorimeter  was  used,  and  the  loioer  heating  value  was  taken. 
Cols.  6  and  7  give  the  number  of  cubic  feet  of  gas  used  per  I.H.P.  and  per  B.H.P. 
per  hour,  including  that  for  the  tube  ignition  in  the  earlier  trials.  The  gas  was 
measured  in  a  carefully  calibrated  gas  meter.      Cols.  8  and  9  show  the  thermal 

*  Most  of  the  leading  gas  engine  builders  now  guarantee  a  certain  consumption  of  heat  units  or 
calories  perH.P. 
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units  supplied  to  the  engine  per  minute  per  LH.P.  and  per  B.H.P.  Ccl. 
10.  The  compression  pressure  in  lbs.  per  square  inch  absolute,  from  the  indicator 
diagrams,  which  varied  from  52  to  105  lbs.  in  the  first  series,  and  55  to  124  lbs.  in 
the  second.  Col.  11  gives  the  proportional  volume  of  air  to  volume  of  gas,  from  11*7 
to  5.  The  gas  was  measured  in  a  gas  holder  carefully  calibrated.  The  temperatures 
of  the  air  and  gas  were  also  taken.  The  air  was  measured  in  a  large  standard 
gas  meter,  through  which  it  was  forced  by  means  of  a  small  blower.  Col.  12. 
The  initial  pressures  from  the  indicator  diagrams,  which  varied  from  a  maximum  of 
286  lbs.  to  118  lbs.  per  square  inch  absolute.  CoU.  13  and  14  give  the  analysis  of  the 
exhaust  gases  from  the  cylinder  in  percentage  volumes  of  00^  and  0.  Col.  15.  Per- 
centage of  the  clearance  volume  to  the  total  volume  of  the  cylinder.  Ccl.  16.  The 
temperature  of  the  cooling  jacket  circulating  water  at  outlet.  Col.  17.  The  original 
test  number.  Cols.  18  and  19.  The  heat  efficiency  per  LH.P.  and  per  B.H.P. ;  the 
latter  varies  from  a  maximum  of  17  per  cent,  to  a  minimum  of  9 '5  per  cent,  in  the 
first,  and  16*7  to  11*9  per  cent,  in  the  second  series.  An  average  mechanical 
efficiency  of  81  per  cent,  has  been  taken  for  the  earlier,  and  73  per  cent,  for  the 
later  tests.  The  author  saw  this  excellent  test  plant  at  Birmingham,  and  was  much 
pleased  with  all  the  careful  arrangements  made  to  obtain  accurate  results. 

For  a  complete  study  of  gas  or  oil  engines,  and  to  arrive  at  exact  conclusions, 
many  experiments  on  the  same  motor,  varying  only  one  set  of  working  conditions  at 
a  time,  and  keeping  all  others  constant,  is  far  more  satisfactory  than  many  tests  on 
many  engines.  With  the  latter,  all  sorts  of  loads,  speeds,  compressions,  initial 
pressures,  diameters  of  cylinders,  strokes,  clearance  volumes,  &c.,  are  met  with. 
Professor  Meyer's  is  another  example  of  many  tests  on  one  engine,  and  is  most  valuable 
(see  Tables  3  and  3a).  Dr.  Slaby  was  one  of  the  first  to  set  the  example  in  this  field, 
although  his  tests  were  made  on  an  old  type  of  engine,  and  are  now  somewhat  out  of 
date. 

Table  3.— 12  Tests  at  Hanover  in  1897,  by  Pbofessob  Meyek. 

AU.  OK  THE  SAME  OtTO  EnGINE. 

These  tests  have  been  selected  out  of  41  made.  The  engine  is  four-cycle,  single- 
cylinder,  single-acting.  Diameter  of  cylinder  7 '8  inches  with  11*8  inches  stroke.  It 
was  therefore  rather  larger  than  the  one  tested  by  Professor  Burstall,  Table  2.  For  full 
particulars  of  these  careful  tests  our  readers  are  referred  to  Z.  V.D.I.,  March,  1899, 
where  all  details  are  given,  with  drawings  and  descriptions,  in  German.  The  author 
saw  this  gas  engine  and  all  the  arrangements  at  Hanover.  Col.  1  gives  the  No.  in 
order  of  merit ;  Col.  $  the  original  test  No. ;  Cols.  S  to  6  require  no  explanation. 
Col.  7.  The  revolutions  per  minute  from  a  maximum  of  257  to  a  minimum  of  128 ;  at 
the  former  speed  the  speed  of  piston  in  feet  per  minute  was  about  500.  With 
modern  steam  engines  this  figure  is  often  higher.  Cols.  8  and  9  give  the  metric 
H.P.,  difiering  little  from  the  English.  The  B.H.P.  varied  in  these  tests  from  5*4 
to  9 '9.  Col.  10  is  the  mechanical  efficiency ^  varying  from  69*7  to  85*3  per  cent.  As 
in  these  two  tests,  the  B.H.P.  was  about  the  same,  probably  the  lubrication  was  at 
fault.  Col.  11  gives  the  heating  value  of  the  Hanover  town  gas  used,  which  varied 
very  little.  Col.  12.  The  cubic  feet  of  gas  consumed  per  hour,  from  24*6  to  37*6  per 
B.H.P.  Col.  13.  The  heat  used  per  minute  per  B.H.P.  in  T.U.,  from  217  to  326. 
Col.  14.  Ratio  of  the  volume  of  air  to  volume  of  gas,  from  5*8  to  9 '5.  The  best  results 
seem  to  be  with  a  ratio  of  about  8^  to  9^,  and  this  agrees  fairly  well  with  Prof.  Bur- 
stairs  results.  Ccl.  15  shows  the  ratio  of  the  clearance  volume  to  the  total  cylinder 
volume.  Here  the  higher  ratios  give  the  best  results,  which  does  not  quite  tally  with 
Table  2,  col.  15.     Col.  16  gives  the  heat  efficiency  per  B.H.P.  in  percentage,  from  a 
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maximum  of  19*4  to  a  minimum  of  13.  Compariug  these  with  Table  2,  the  maximum 
efficiency  is  higher.  Professor  Meyer  does  not,  unfortunately,  give  in  his  report  the 
various  compression  pressures  from  the  diagrams. 

Table  Sa  gives  18  out  of  a  second  series  of  03  tests  made  by  Professor  Meyer 
at  Gottingen,  from  1899  to  1902,  half  btoing  with  town  gas,  half  with  power  gas.  As 
far  as  the  compiler  is  aware,  so  complete  a  set  of  comparative  experiments,  made  on 
the  same  engine,  worked  under  precisely  similar  conditions,  first  with  lighting,  then 
with  power  gas,  has  not  hitherto  been  published.  The  heat  efficiencies  with  poor 
gas  naturally  work  out  somewhat  lower  than  with  lighting  gas,  as  the  engine  was 
probably  too  small  to  utilise  the  working  agent  to  the  best  advantage.  (Compare 
the  much  better  results  obtained  with  the  larger  engines  in  Table  5).  The  tests  in 
Table  3a  have  been  drawn  up,  as  far  as  possible,  on  the  same  lines  as  Professor 
Burstairs  trials,  that  they  may  be  the  more  easily  compared.  The  various  columns 
require  no  explanation. 

In  these  two  tables,  as  in  all  the  German  tests,  it  must  be  remembered  that  the 
lower  heating  value  of  the  gas  has  been  taken,  so  that  these  heat  efficiencies  may  be 
properly  compared  with  the  English  efficiencies. 

Tablb  4.— 11  Tests  ON  French  and  German  Engines  Dbiven  wtth 

LioHTiNQ  Gas. 

In  the  5  French  tests  shown  in  this  Table  the  higher  heating  value  of  the  gas  is 
given.  The  high  heat  efficiencies  obtained  with  the  engines  heading  the  list  are 
noticeable,  and  show  the  great  improvements  effected  in  the  construction  of  gas 
engines  during  the  last  few  years,  as  compared  with  engines  built  twenty  years  ago. 
This  is  specially  observable  in  the  small  Koerting  engine.  No.  2,  with  a  heat 
efficiency  of  36  per  cent,  per  I.E. P.  In  all  the  columns  the  data  are  the  same  as 
before,  and  need  no  special  explanation. 

Table  5.— 16  Tests  on  Diffebekt  Gas  Engines  and  Generators 

(for  Poweb  Gas)  fbom  1885  to  1903. 

The  English  and  Foreign  trials  are  arranged,  as  before,  in  order  of  merit  of  heat 
efficiency  per  B.H.  P.  The  heat  efficiencies  of  the  generators  are  also  given  in  the 
few  cases  where  they  were  stated  by  the  experimenters.  This  is  why  they  are 
called  first-class  tests.  The  heat  efficiency  of  a  gas  generator  is  the  percentage  or 
quantity  of  heat  utilised  to  the  total  quantity  of  heat  supplied.  In  other  words, 
so  much  heat  in  T.  U.  per  minute  is  put  into  the  generator  in  the  fuel  (coal  or  coke), 
but  only  a  certain  percentage  of  this  comes  out  as  gas  made,  in  T.U.  per  minute,  all 
the  rest  being  lost.  Both  the  heating  value  of  the  fuel  and  that  of  the  gas  are 
generally  shown  in  this  table.  In  the  English  and  German  tests  the  lower  heating 
values  are  given  ;  in  the  French,  unfortunately,  only  the  higher  are  returned  in  the 
reports.  Coi,  1  gives  the  test  No.  Cola.  2  to  8  explain  themselves.  Col.  9  shows 
the  mean  revolutions  per  minute,  varying 'from  100  to  202.  Cols,  10  and  11  the 
I.H.P.  and  the  B.H.P. ;  the  latter  varies  from  7  to  368.  In  the  Continental  tests  the 
metric  H.P.  has  been  retained.  Col,  12,  The  mechanical  efficiency,  varying  from  69 
to  90  per  cent.  Cols,  13  and  I4.  Lbs.  fuel  per  hour  consumed  in  the  particular 
generator  used  in  each  test,  both  per  I.H.P.  and  per  B.H. P.  Col,  15,  The  heating 
value  of  the  gas  per  cubic  foot,  as  tested  in  a  gas  calorimeter.  Col,  16,  The  heating 
value  of  the  fuel  put  into  the  generator.  To  state  the  lbs.  fuel  per  hour  burnt  is 
of  little  use,  unless  its  heating  value  is  also  known.  Cols,  17  and  18  show  the 
number  of  cubic  feet  of  gas  used  per  hour  by  the  particular  engine,  both  per  I.H.P. 
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and  per  B.H.P.  These  quantities  are  naturally  much  greater  than  with  town  gas, 
which  has  a  much  higher  heating  value.  Col,  19  gives  the  heat  efficiency  of  the  gas 
generator,  varying  in  these  experiments  from  61  to  85  per  cent,  in  the  tests  where  it 
is  stated.  Ocl,  20.  The  heat  efficiency  of  the  gas  motors  per  B.H.P.,  which  varies 
from  29  to  13*7  per  cent.  Gol.  SI  gives  references  for  each  test,  and  the  kind  of 
fuel  used  in  the  generator  for  the  production  of  gas. 

Tablb  6.-25  Tests  ok  diffebbnt  Ges  Engines  and  Generators,  1881  to 
1904,  English  and  Continental.    B.H.P.  from  3  to  121. 

These,  compared  with  Table  5,  may  be  called  aecond-dass  tests,  as  neither  the 
heating  value  of  the  fuel  used,  nor  that  of  the  gas  made,  is  returned  by  the  experi- 
menter. The  order  of  merit  necessarily  followed  is  the  lbs.  fuel  per  B.P.H.  per  hour, 
but  it  is  unsatisfactory,  merely  approximate,  and  of  little  value.  It  is,  however, 
often  given  in  rough  tests ;  and  as  many  people  like  to  see  them  the  table  and 
figures  have  been  retained.  Without  the  heating  value  of  the  gas  and  fuel  no  heat 
efficiency  can  be  calculated.  All  the  various  columns  are  so  similar  to  those  of 
Table  4  that  no  explanation  is  necessary.  The  lbs.  of  fuel  used  per  hour  in  the 
generators  vary  from  0*9  lb.  to  2  lbs.  of  coke  or  ooaL  The  last  experiment  is  with 
a  mixture  of  coal  and  wood.  The  fe^  figures  in  brackets  in  CoL  14  are  only  approx- 
imate, as  they  were  not  given  by  the  experimenter.  Two  later  tests  have  been  added, 
in  which  the  heating  value  of  the  gas  made  is  given,  but  not  the  consumption. 

Table  7. — 10  Tests  on  different  Motors  worried  with  Blast  Furnace 
Gases.    The  B.H.P.  varied  frou  217  to  725. 

These  are  on  German  and  Belgian  engines  driving  dynamos  for  power  or  for 
electric  light.  For  this  new  and  large  development  of  engines  few  tests  have  yet 
been  made.  The  various  columns  follow  much  the  same  order  as  in  the  other  tables, 
and  hardly  require  explanation.  The  heating  value  of  the  gas  is  lower  than  that  of 
power  or  generator  gas  given  in  Table  5,  and  the  number  of  cubic  feet  used  per 
H.P.  is  therefore  greater.  The  heat  efficiencies  per  B.H.P.  are,  however,  high— 
from  18*3  to  26  per  cent.    Motors  for  these  gases  are  now  being  made  up  to  1,500  H.P. 

Tablb  8.— Tests  on  different  Gas  Engines  worked  mtith  Natural 

AND  COKB-OVKN  GaS. 

Of  the  12  tests  here  given,  9  are  on  American  engines  driven  with  natural  gas, 
3  are  on  the  same  German  engine,  driven  with  coke-oven  gas.  They  are  tabulated 
in  the  same  way  as  the  tests  with  blast-furnace  gases,  and  the  columns  require  no 
explanation.     The  heat  efficiency  per  B.H.  P.  varies  from  27*6  to  14*4  per  cent. 

Table  9.-74  Tests  on  different  Oil  Engines,  English  and  Foreign, 

from  2  TO  164  B.H.P.     1891  to  1903. 

These  are  chiefly  4-cycle  motors,  and  are  arranged  in  order  of  merit  of  thermal 
efficiency  per  B.H.P.,  which  varies  much,  from  a  maximum  of  32*3  per  cent,  to  a 
minimum  of  5  per  cent.  The  calculations  for  the  thermal  efficiencies  were  made  in 
the  same  way,  as  mentioned  in  detail,  for  Test  No.  1,  Table  No.  1.  CJols.  1  to  IS 
speak  for  themselves.  Col.  13  gives  the  heating  value  of  the  oils  used  in  the  motor 
cylinders.  These,  as  will  be  seen,  do  not  vary  much — only  from  a  maximum  of 
19,900  T.U.  per  lb.  to  a  minimum  of  18,000.  In  the  7  French  tests  at  Meaux  the 
higher  heating  values  are  returned  by  the  experimenter  and  given  here,  but  in  all 
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the  other  tests,  (German  and  English,  the  lotoer  values  are  given  in  each  case.  This 
affects,  unfortunately,  the  heat  efficiency  column  somewhat,  as  mentioned  before, 
but  no  other  method  was  possible,  as  the  figures  could  not  be  altered.  The  latest 
results  obtained  with  Diesel  and  Bdnki  engines  are  striking. 

Table  10.— 26  English  Tests  on  Carriages  and  Lorries,  made  in  the  Summeb 
OF  1898-9,  OHiEVLY  ON  OH  Motors,  bt  the  Judges  of  the  Automobile 
Club,  and  the  Royal  Agricultural  Society. 

The  first  18  tests  were  on  Oil  motors  at  Richmond  driving  passenger  carriages, 
English  and  foreign,  of  various  total  weights.  They  were  tested  on  a  run  from 
Southall  near  London  along  the  Oxford  road  and  back.  The  author,  as  one  of  the 
judges,  witnessed  most  of  the  tests,  which  are  given  in  detail  in  the  judge's  report. 
The  same  oil  spirit  was  used  in  all.  The  maximum  speed  allowed  on  the  roads  was 
12  miles  per  hour,  although  in  some  cases  it  was  exceeded.  The  roads  were  dry 
and  in  good  order,  and  there  were  many  hills.  A  section  of  the  route  is  given  in 
the  original  report.  These  carriages  were  also  tested  separately  for  hill-climbing 
capacity  on  the  Petersham  Hill,  Richmond,  which  was  selected  by  the  judges, 
having  a  maximum  gradient  of  1  in  9}.  As  these  tests  come  strictly  imder  the  head 
of  oil  motors,  the  author  has  tabulated  them.  A  trained  official  attendant  was  on 
«ach  carriage  during  the  whole  time.  He  noted  all  incidents,  with  causes  and 
duration  of  stoppages,  if  any.  He  was  also  responsible  for  the  measurement  of  the 
oil  used,  &c.  With  these  small  motors  it  is  very  difficult  to  measure  the  variable 
I.H.P.  when  running  on  roads,  and  in  this  case  it  was  not  done.  The  question 
therefore  arises  how  best  to  obtain  a  comparative  figure  of  merit  as  to  economy  of 
oil  used,  and  thus  to  compare  these  numerous  carriages  and  lorries  of  very  various 
weights,  sizes,  types,  speeds  on  road,  speeds  of  motors,  different  gearing,  with  one  or 
more  cylinders  of  various  diameters  and  strokes.  The  author  classed  them  in  order 
of  merit  of  the  cost  in  pence  of  the  oil  spirit  per  ton-mile  of  total  running  weight. 
This  was  also  done  for  the  Birmingham  tests  of  the  Royal  Agricultural  Society  by 
Professor  Unwin,  F.R.S.,  and  seems  an  excellent  standard  to  adopt.  This  cost  per 
ton-mile  will  be  foimd  in  Col.  14,  and  takes  count  of  weight,  speed,  and  cost  of  oil  or 
fuel.  It  will  be  seen  that  the  total  weights  varied  from  0'16  to  1*48  ton.  All  these 
little  motors  go  at  high  speeds,  nominally  from  600  to  1 ,400  revolutions  per  minute, 
but  on  the  road  this  varied  much.  The  cost  of  the  oil  spirit  per  mile  per  ton  varied 
from  one  farthing  to  a  penny  farthing,  the  same  spirit  at  the  same  price  being  used 
in  all  the  engines.  The  most  economical  vehicle  ran  at  only  one-sixth  the  cost  of  the 
least  economical.  The  ratio  of  six  times  as  much  spirit  per  mile  per  hour  is  very 
high,  and  should  be  well  considered  by  some  of  the  makers,  and  the  cause  ascertained. 

Tests  19  to  eij  TaUe  lO.—S  TestS  of  Heavy  Vehicles  for  carrying  loads,  also 
made  at  Richmond  by  the  Automobile  Club,  but  only  for  a  20-mile  run,  and  using  the 
same  oil  spirit  as  the  18  previous  tests  on  lighter  carriages.  Total  running  wcught 
from  8^  to  2  tons.  Speed  on  road  from  about  4  to  6  miles  per  hour.  The  cost  of  the 
spirit  varied  from  about  one  farthing  to  three  farthings  per  ton  per  mile.  Col.  16 
gives  the  kind  of  reducing  gear  from  the  motor  crank  shaft  to  that  of  the  carriage 
wheels.  For  full  details  of  these  interesting  tests,  readers  are  referred  to  the  judge's 
report. 

Tests  22  to  -23 ^  Table  10,-2  TestS  on  Steam  Lorries  for  carrying  goods,  also 
made  at  Richmond  in  1899,  during  a  20-mile  run.  Each  had  a  steam  boiler  and  com- 
pound engine,  and  used  coke  or  coal.  One  weighed  6*6  tons,  and  the  other  6 '9  tons, 
and  ran  well  at  a  speed  of  5^  to  5i  miles  per  hour.  The  cost  of  the  fuel  per  ton  per 
mile  works  out  very  low. 
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Tests  £4  to  186,  TabU  10.— Z  TestS  at  Birmingham  by  the  judges  of  the  Royal 
Agricultural  Sooiety  in  1898,  on  LOPFiOS  for  goods,  during  a  run  of  nearly  47  miles. 
One  was  an  oil,  and  the  other  two  steam  motor  cars.  The  weights  varied  from  2)  to 
6^  touH.  Speeds  on  road  6^  to  nearly  8  miles  per  hour.  The  cost  per  mile  per  ton 
was  also  very  low.  The  author  as  one  of  the  judges  witnessed  these  tests,  and  could 
testify  to  the  care  bestowed  on  them.  These  few  steam  tests  are  added  to  form  a 
comparison  with  the  oil  motors. 

It  may  be  of  interest  to  add  some  notes  from  Professor  Unwin's  able  report  on  the 
Birmingham  Koyal  Agricultural  Society's  tests,  where  he  was  one  of  the  judges. 
From  the  experiments  made  he  calculated  the  H.P.  that  would  be  required  on  a 
level  road,  and  also  going  up  a  hill  of  a  gradient  of  1  in  12.  His  results  are  as 
follows  \^WUh  No.  24.  Daimler  Oil  Engrine,  of  a  total  weight  of  2*49  tons,  going 
on  a  level  good  road  at  a  speed  of  7*8  miles  per  hour,  the  B.H.P.  should  be  about  2*6. 
On  a  rising  gradient  of  1  in  12,  at  an  assumed  speed  of  3 '9  miles  per  hour,  the  power 
required  is  about  6-2  B.H.P.  With  No.  25,  ThornyCFOft  Steam  MotOF  Car, 
of  6*9  tons  running  weight,  on  a  level  road  at  a  speed  of  6*2  miles  per  hour,  the 
power  should  be  about  8 '2  B.H.P.     For  a  rising  gradient  of  1  in  12,  and  at  4'1  miles 

per  hour,  14*7  B.H.P.     With  No.  S6.  Lancashire  Steam  Motor  Car,  of  6-54 

tons,  on  a  level  road  at  6*5  miles  per  hour,  9*4  B.H.P.  On  a  gradient  of  1  in  12,  at 
3^  miles  per  hour,  15|  B.H.P.  These  figures  are  the  effective  or  B.H.P. ;  to  get  the 
I.H.P.,  the  power  required  to  drive  the  motor,  and  that  for  the  gearing  between  the 
motor  and  the  wheels  of  the  vehicle,  must  be  added. 

These  26  tests  appeared  in  a  paper  on  Road  Locomotion  by  Professor  Hele  Shaw, 
F.R.S.,  read  before  the  Institution  of  Mechanical  Engineers,  1900. 

Table  11.— 13  Tests  on  different  Air  Engines,  English  and  Foreign. 

Requires  no  explanation. 
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ABSTRACT  TRANSLATION  OF  BEAU  DE  ROCHAS'  CYCLE. 

(French  Patent,  1862.) 

Concerning  Compression  in  a  Gas  Engine. 

The  conditions  for  perfectly  utilising  the  elastic  force  of  gas  in  an 

engine  are  four  in  number  : — 

I.  The  largest  possible  cylinder  volume  with  the  minimum  boundary  surface. 

n.  The  greatest  possible  working  speed. 

III.  Greatest  possible  number  of  expansions. 

IV.  Greatest  possible  pressure  at  the  beginning  of  expansion. 

The  characteristic  of  gases  to  disperse  over  a  given  area  can  be  turned  to  excellent 
account  in  pipes,  but  is,  on  the  contrary,  evidently  an  obstacle  to  the  utilisation  of 
the  elastic  force  developed  in  the  gaseous  mass.  It  has  been  shown  [in  a  former  part 
of  the  patent]  that  in  pipes  the  utilisation — that  is,  the  heat  transmitted — is  in  pro- 
portion to  the  diameter  of  the  pipe.  In  cylinders,  therefore,  the  loss  would  be  in 
inverse  ratio  to  the  diameter,  but  this  only  applies  to  cylinders  of  very  small 
diameter,  and  the  loss  really  diminishes  more  rapidly  in  proportion  to  the  increase 
in  diameter.  Thus  the  typical  design,  which,  for  a  given  expenditure  of  gas,  assigns 
a  cylinder  of  the  largest  diameter,  will  in  this  respect  utilise  the  most  heat.  We 
may  also  conclude  that,  as  far  as  possible,  only  one  gas  cylinder  should  be  used  in 
each  separate  engine. 

But  the  loss  of  heat  in  the  gas  depends  also  on  the  time.  Other  things  being 
equal,  the  cooling  will  be  greater  the  slower  the  speed.  Now,  greater  speed  seems  to 
entail  a  cylinder  of  small  volume ;  but  this  apparent  contradiction  disappears  if  we 
remember  that,  for  a  given  consumption  of  gas,  the  stroke  is  not  necessarily  and  in- 
variably limited  to  the  volume  of  the  cylinder. 

In  utilising  the  elastic  force  of  gas,  it  is  necessary,  as  with  steam,  that  expansion 
should  be  prolonged  as  much  as  possible.  In  the  typical  design  described  above, 
there  is  a  maximum  of  expansion  for  each  particular  cajse,  although  the  effect 
is  necessarily  limited.  The  arrangement  will,  therefore,  give  the  best  result,  which 
restores  to  the  motor  what  may  be  called  its  liberty  of  expansion,  that  is  to  say,  the 
power  of  expanding  as  much  as  may  be  thought  desirable,  within  practical  working 
limits. 

Lastly,  the  utilisation  of  the  elastic  force  of  the  gas  depends  upon  a  function 
closely  allied  to  prolonged  expansion  and  its  advantages.  This  is  the  pressure, 
which  should  be  as  great  as  possible,  to  produce  the  maximum  effect.  Here  the 
question  clearly  is  to  obtain  expansion  of  the  gases  when  they  are  hot,  after  com- 
pressing them  while  cold.  This  is  to  a  certain  extent  an  inverse  method  of  prolong- 
ing expansion  to  that  employed  when  a  vacuum  is  formed.  The  latter  process  is  not 
at  all  suited  to  gases,  because  all  such  compression  necessitates  an  equivalent  con^ 
densation,  and  even  supposing  the  gases  were  combustible,  it  would  be  impossible  to 
heat  them  instantaneously. 

Theoretically,  therefore,  it  is  possible  to  utilise  the  elastic  force  of  the  gases  with- 
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out  limit,  by  compressing  them  indefinitely  before  heating,  just  as  the  elastic  force 
of  steam  may  be  utilised  without  limit,  by  prolonging  expansion  indefinitely. 
Practically  an  impassable  limit  is  attained  as  soon  as  the  elevation  of  temperature 
due  to  previous  compression  causes  spontaneous  combustion.  If  compression  be  then 
continued,  the  work  done  by  it  would  be  represented  by  expansion  prolonged  to  the 
same  point,  less  the  loss  caused  by  all  useless  work.  The  natural  limit  b  here 
reached,  and  the  arrangement  which  best  attains  it  will  utilise  to  the  most  advantage 
the  heat  supplied. 

The  question  of  heat  utilisation  being  thus  stated,  the  only  really  practical 
arrangement  is  to  use  a  single  cylinder,  first  that  the  volume  may  be  as  large  as 
possible,  and  next  to  reduce  the  resistance  of  the  gas  to  a  minimum.  The  following 
operations  must  then  take  place  on  one  side  of  the  cylinder,  during  one  period  of  four 
consecutive  strokes : — 

I.  Drawing  in  the  charge  during  one  whole  piston  stroke. 
II.  Compression  during  the  following  stroke. 

III.  Inflammation  at  the  dead  point,  and  expansion  during  the  third  stroke. 

IV.  Discharge  of  the  burnt  gases  from  the  cylinder  during  the  fourth  and  last 
stroke. 

The  same  operations  being  afterwards  repeated  on  the  other  side  of  the  cylinder 
in  the  same  number  of  piston  strokes,  the  result  will  be  a  particular  type  of  single- 
acting,  or  half-acting  engine,  so  to  speak,  which  will  evidently  afford  the  largest 
possible  cylinder,  and  what  is  still  more  important,  previous  compression.  The 
piston  speed  will  also  be  greatest  in  proportion  to  the  diameter,  because  the  work  is 
performed  in  one  single  stroke,  which  would  otherwise  occupy  two.  Clearly  it  is 
impossible  to  do  more. 

As  the  temperature  of  the  gases  coming  from  a  furnace  is  practically  constant, 
and  that  of  the  external  atmosphere  varies  relatively  only  within  narrow  limits,  the 
initial  temperature  of  the  mixture  at  the  moment  of  admission  into  the  cylinder  will 
also  be  practically  constant.  It  will,  therefore,  be  possible  to  determine  the  limit  of 
compression  at  which  combustion  is  produced,  and  to  make  the  design  of  the  engine 
conform  to  it.  Thus  the  maximum  effect  will  always  be  obtained,  for  each  propor- 
tional dilution  of  the  combustible.  At  the  same  time  there  will  be  no  necessity  to 
use  electricity,  because  the  starting  of  the  engine  being  determined  by  the  action  of 
the  steam  («tc),  the  gases  might  be  admitted  only  when  the  speed  has  become  great 
enough  to  produce  spontaneous  inflammation.  In  any  case  compression,  by  helping 
to  mix  the  charge  thoroughly  and  by  raising  its  temperature,  would  be  favourable  to 
instantaneous  combustion.  If  the  initial  temperature  in  the  generator  corresponded 
to  a  pressure  of  5  or  6  atmospheres,  inflammation  would  be  spontaneously  produced 
if  the  gases  were  compressed  to  about  a  quarter  of  the  original  volume,  the  effect  of 
loss  of  heat  being  neglected.  After  complete  inflammation  the  pressure  would  be 
hardly  30  atmospheres,  and  as  combustion  would  be  effected  without  excess  of  air, 
the  pressure  would  in  any  other  case  (».e.,  where  an  excess  of  air  was  admitted)  be 
necessarily  less.  Probably,  therefore,  in  many  cases,  the  absolute  limit  of  utilisa- 
tion of  the  heat  may  be  attained. 

We  may  sum  up  the  question  by  saying  that,  although  the  typical  arrangement 
here  described  can  be  most  completely  and  perfectly  adapted  to  the  utilisation  of  the 
elastic  force  developed  by  combustion  at  constant  volume  in  the  gaseous  mass,  it  is 
quite  simple.  It  is  perhaps  rather  a  convenience  than  a  necessity  to  use  lift-valve 
distribution.  This  is  generally  the  best  method,  and  nothing  proves  that  it  may  not 
be  applied  to  the  four-cycle  type  of  engine. 


539 


APPENDIX    C. 


SUMMARY  OP  EXPERIMENTS  ON  A  TWINCYLINDER  OTTO 

GAS  ENGINE. 

By  Dr.  A.  Slabt. 

Object. — These  valuable  experiments  were  made  by  Dr.  A.  Slaby,  Professor  at  the 
Technische  Hoch-Schule,  Berlin,  to  investigate  the  heat  cycle  in  a  gas  engine.  The 
object  with  which  they  were  undertaken  was,  in  Dr.  Slaby's  words,  to  **  determine 
by  measurements  the  division  of  heat  in  a  gas  engine,  in  order  to  deduce  therefrom 
the  conditions  for  the  best  utilisation  of  the  combustible."  They  have  been  pub- 
lished from  1890  to  1892  in  six  pamphlets,  comprising  196  pages,  illustrated  by  many 
plates  and  diagrams,  and  form  an  exhaustive  treatise  on  the  subject.  An  abstract  of 
their  contents  is  here  given.  Dr.  Slaby^s  laborious  researches  were  among  the  first 
contributions  to  that  thorough  study  of  the  phenomena  taking  place  in  a  gas  engine 
cylinder,  on  which  alone  the  true  theory  of  the  gas  engine  can  be  based. 

The  motor  experimented  on  was  a  twin-cylinder  horizontal  8  H.P.  German 
Otto  engine,  employed  for  driving  various  machinery  in  the  Berlin  Technical  High 
School.  The  gas  used  was  always  lighting  gas,  made  from  Upper  Silesian  coal,  from 
the  gas-works  at  Charlottenburg,  near  Berlin.  The  diameter  of  the  cylinder  was 
172*5  mm.  =  6*8  inches,  and  stroke  340  mm.  =  13*3  inches.  In  all,  306  experiments, 
divided  into  two  sets,  were  made,  from  1886  to  1890. 

Heating  Value  of  the  Gfts. — ^Pamphlet  I. — The  author  begins  by  expressing 
his  desire  to  elucidate  the  various  questions  still  undecided  in  the  theory  and 
practice  of  the  gas  engine.  With  this  object  it  is  necessary,  he  considers,  first  to- 
determine  the  composition  and  heating  value  of  the  gas  used.  The  chemical 
constituents  of  any  gas  depend  upon  the  raw  material  (coal),  the  process  of 
generation  and  purification,  and  the  time  which  has  elapsed  since  the  beginning  of 
distillation.  But  the  difficulty  of  arriving  at  an  exact  knowledge  of  the  heating 
value  and  composition  of  any  given  gas  is  great,  sometimes  almost  insuperable.  All 
that  can  be  done,  to  ensure  uniformity  in  the  constituents  of  lighting  gas  during. 
a  test,  is  to  carry  out  the  experiments  always  at  the  same  hour  of  the  day,  with  gas 
from  the  same  main. 

Not  only  is  the  composition  of  gas  given  difierently  by  different  authorities,  but 
the  proportions  of  heavy  hydrocarbons  are  variously  estimated.  Some  writers  class 
them  all  as  C4H^,  some  as  OaH4,  some  as  half  one,  half  the  other,  producing  a 
difference  in  the  heating  value  of  the  gas  of  8  per  cent.  This  method  was  not 
sufficiently  accurate  for  the  author's  purpose.  After  many  trials  he  found  that  the 
heat  value  of  each  hydrocarbon  could  be  expressed  as 

H  =  1,000  +  10,500  X  the  density  of  the  hydrocarbon 

(H  representing  the  heating  value  in  calories  per  cubic  metre),  and  that  this 
formula  was  also  applicable  to  any  given  mixture  of  the  same.  It  was  necessary, 
therefore,  to  determine  the  density  of  each  gas  to  within  |  per  cent.,  instead  of 
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taking  the  residuum  in  the  gaseous  mixture,  after  analjrsing  the  different  con- 
stituents U,  CH4,  CO,  &c.,  as  nitrogen,  and  reckoning  its  weight  as  such. 

To  calculate  the  density  of  the  hydrocarbons,  a  Schilling  apparatus  was  used, 
of  which  a  drawing  and  detailed  description  are  given  in  the  original  By  this 
instrument  it  was  found  that  the  densities  of  any  two  gases  were  inversely 
proportional  to  the  squares  of  their  speed  of  discharge,  at  the  same  pressure, 
through  a  narrow  orifice.  The  experiment  being  carried  out  first  with  air,  then 
with  gas,  the  density  of  the  latter  was  thus  determined.  Great  care  was  taken  to 
ensure  an  even  temperature.  Satisfactory*  results  were  obtained  by  these  means, 
but  it  was  necessary  to  check  them  by  experimenting  upon  perfectly  dry  lightiog 
gas ;  the  Schilling  apparatus  being  immersed  in  water,  the  gas  in  it  was  always 
slightly  damp.  The  difference  between  moist  and  dry  gas  was  considerable. 
Saturated  air  weighed  0*75  per  cent,  less  than  dry  air,  but  saturated  gas  v^eighed 
•0'94  per  cent,  more  than  dry  gas.  The  gas  was  next  directly  weighed.  Two  glass 
vessels  were  filled  respectively  with  dry  gas  and  dry  air,  and  after  being  both 
•brought  to  the  same  temperature  and  pressure,  they  were  weighed.  Immediately 
after,  the  glass  vessels  were  weighed  alone,  and  the  proportional  weights  of  the  gas 
and  air  thus  determined.  The  correction  for  the  Schilling  apparatus  was  found  to 
be  only  0*07  per  cent.,  but  this  accuracy  was  obtained  after  years  of  practice, 
comprising  about  1,000  determinations.  Finally  the  Lux  gas  weigher  waA  used,  and 
gave  excellent  results,  about  3*8  per  cent,  higher  than  the  Schilling,  owing  to  the 
dryness  of  the  air  and  gas,  and  faults  in  calibrating. 

To  determine  tlie  heat  value  of  lighting  gas,  the  percentage  in  voliune  of  the 
heavy  hydrocarbons  was  ascertained  by  analysis.  The  specific  weight  of  the  gas 
being  known,  and  the  residuum  taken  as  pure  nitrogen,  the  specific  weight  of  the 
heavy  hydrocarbons  was  deduced  from  the  weight  of  the  gas  with  and  without 
them.  This  method  has  the  disadvantage  of  assuming  that  the  residuum  consists 
entirely  of  pure  nitrogen,  whereas  it  is  known  to  contain  ammonia  and  other 
substances.  A  more  satisfactory  process  was  as  follows : — The  gas  was  first 
carefully  weighed,  then  passed  through  tubes  and  vessels  containing  glass  shavings, 
sulphuric  acid,  potash,  water,  &;c. ,  to  separate  the  hydrocarbons  and  carbonic  acid. 
The  purified  gas  was  then  again  weighed,  and  the  density  of  the  heavy  hydrocarbons 
found  by  deduction  to  be  a  mean  of  1*72.  This  agreed  well  with  the  ordinary 
analysis  of  Berlin  gas.  It  may  therefore  be  assumed  that  in  any  given  gas  the 
mixture  of  heavy  hydrocarbons  is  essentially  a  constant,  the  greatest  difference  in 
the  heat  value  being  8  per  cent.  During  one  day  of  a  trial,  the  difference  was 
seldom  more  than  1  per  cent.  It  is  necessary,  however,  in  making  an  experiment, 
to  determine  the  heat  value  of  the  mixture  of  heavy  hydrocarbons,  which  vary  from 
13,000  to  27,000  calories  per  cubic  metre.  Throughout  the  experiments  it  was 
taken  at  19,000  calories  per  cubic  metre. 

ProductB  of  CombuBtion. — In  the  Second  Pamphlet  the  composition  of  the 
products  of  combustion  is  considered,  and  the  constants  determined.  The  specific 
weight  of  1  cubic  metre  is  0*417,  with  a  heating  value  of  4,883  calories.  For  com- 
plete combustion  the  weight  of  oxygen  required  for  1  cubic  metre  of  lighting  gas  is 
1  '515  kilos.,  and  of  air  6*425  kilos,  or  4 '965  cubic  metres.  The  combustion  produces 
6 '965  kilos,  or  5*684  cubic  metres  of  products,  or  a  contraction  of  4*8  per  cent. 
Analyses  of  the  products  of  combustion  with  different  dilutions  of  air  were  carried 
out  on  seven  different  days,  and  the  mean  taken.  In  none  of  them  could  any  trace 
of  unburnt  hydrocarbons  or  carbonic  oxide  be  discovered.  These  analyses  do  not 
give  the  percentage  of  steam,  which  is  certainly  superheated,  and  is  reckoned,  for 
the  above  proportions,  at  1*209  cubic  metre.      The  different  constants  for  propor- 
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tioDs  of  5,  6,  7f  and  8  volumes  of  air  to  1  of  gas  are  shown  in  a  table  and  plotted  out, 
namely— Percentage  of  contraction  during  combustion ;  weight  and  specific  weight  of 
1  cubic  metre  of  the  mixture  before  combustion,  and  of  1  cubic  metre  of  products ; 
and  constants  of  the  products. 

The  next  question  to  determine  was  the  specific  heat  of  the  products  of '  combus- 
tion. The  author  distinguishes  between  true  and  mean  specific  heat ;  the  former 
increases  twice  as  much  for  a  given  increase  of  temperature  as  the  latter.  The 
increase  in  true  specific  heat  per  degree  rise  in  temperature,  for  the  gas  composing 
the  products  of  combustion  in  a  gas  engine,  is  given  from  Mallard  and  Le  Chatelier, 
and  the  values  calculated  at  constant  pressure,  and  at  temperatures  of  0^,  100*",  500° 
1,000**,  2,000""  C.  From  these  the  specific  heats,  at  constant  pressure,  of  the  products 
•of  combustion  under  the  same  conditions  are  reckoned,  and  plotted  out.  The  hori- 
zontal lines  show  the  rise  in  temperature  of  the  gases  from  0**  to  2,000**,  the  verticals 
the  increase  in  their  specific  heat  at  constant  pressure,  for  a  given  dilution  of  gas 
and  air. 

Engine  and  Instruments. — The  experiments  to  verify  these  calculations  weie 
carried  out  on  the  engine  already  described  (drawings  of  which  are  given  by  Dr. 
Slaby).  The  quantities  of  gas,  air,  and  of  cooling  water  were  carefully  measured. 
During  the  experiment  only  one  cylinder  was  used,  the  other  being  employed  to 
determine  the  piston  friction.  The  quantity  of  gas  was  measured  by  a  glycerine  gas 
jneter,  marked  to  show  half  litres,  the  consumption  for  the  ignition  flame  being  given 
by  a  separate  meter.  Both  meters  were  carefully  tested  before  the  experiments,  and 
thermometers  inserted  in  them,  from  which  the  temperatures  could  be  read  off. 
From  the  meters  the  gas  passed  to  the  engine  through  rubber  bags,  a  pressure  gauge 
being  fixed  in  the  admission  passage.  In  all  the  experiments  the  air  was  measured 
in  a  gas  meter,  provided  with  a  scale,  thermometers,  and  pressure  gauge.  The  error 
in  this  meter  was  found  to  be  under  }  per  cent.  The  air  was  forced  into  the  air 
meter  by  means  of  a  small  fan,  driven  by  a  little  water  motor.  The  pressure  was 
determined  by  passing  it,  before  it  entered  the  meter,  through  a  small  air  holder 
maintained  by  weights  at  a  constant  height.  The  cooling  jacket  water  pa^ised  to  the 
engine  through  pipes  in  which  small  copper  tubes  were  inserted,  one  at  the  entrance, 
the  other  at  the  exit ;  these  tubes  contained  delicately  graduated  thermometers. 
The  quantity  of  water  was  previously  measured  in  gauged  tanks,  and  afterwards 
•passed  into  another  tank. 

The  governor  was  not  acting  during  the  experiments.     The  opening  admitting  the 
gas  could  be  adjusted  by  means  of  a  screw,  but  in  the  trial  the  mixture  was  kept 
uniform,  with  the  same  proportion  of  gas.     Speed  counters  were  arranged  on  the 
•erank  shaft  and  valves. 

Temperature  of  Gases  at  Bxhaust. — ^The  next  question  was  to  determine  the 
temperature  of  the  gases  of  combustion.  The  author  began  by  taking  the  tempera- 
ture with  pyrometers  fixed  in  the  exhaust  passage,  but  found  an  error  of  50°  in,  the 
best  instruments.  He  next  operated  with  ordinary  glass,  quicksilver,  and  nitrogen 
thermometers,  marking  up  to  460°  C.  By  cooling  the  cylinder  very  considerably, 
and  greatly  reducing  the  speed,  it  was  possible  to  reduce  the  temperature  of  the 
exhaust  gases  to  the  desired  limit.  No  practical  results  were,  however,  obtained 
until  a  ball  calorimeter  was  used.  In  the  ordinary  exhaust  pipe  a  cock  was  fixed, 
which,  when  open,  allowed  the  gases  to  pass  in  the  usual  way  into  the  atmosphere. 
When  closed,  the  gases  of  combustion  were  forced  through  another  channel,  joining 
the  main  exhaust  pipe  at  a  point  below  the  cock.  In  this  pipe  was  a  hollow  cock, 
the  socket  of  which  contained  an  iron  ball.  By  turning  the  cock  90°  either  way  the 
ball  could  be  introduced  into  the  socket,  or  allowed  to  fall  out  below.     To  make  an 
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experiment,  the  gases  were  first  shut  off  from  their  usual  course,  and  the  side  cock 
opened,  causing  them  to  flow  through  an  auxiliary  pipe.  The  ball  being  previously 
placed  in  the  socket,  and  kept  in  position  by  wire-netting,  it  was  exposed  for  half  an 
hour  to  the  current  of  the  hot  exhaust  gases.  A  calorimeter  containing  water  was 
then  placed  beneath  it,  the  cock  turned,  and  the  ball  dropped  into  the  calorimeter, 
when  its  temperature  was  determined  in  the  usual  way  by  the  rise  in  temperature  of 
the  water.  The  author  thus  succeeded  in  obtaining  accurately  the  temperature  of 
the  exhaust  gases  which,  plotted  on  a  curve,  were  compared  with  those  arrived  at 
with  an  ordinary  thermometer. 

The  indicators  employed  were  of  various  kinds.  No  brake  was  used  on  the 
engine  during  the  experiments,  because  the  author,  who  worked  for  the  most  part 
entirely  without  help,  was  not  able  to  carry  out  brake  at  the  same  time  as  calori- 
metric  experiments.     The  brake  efficiency  was  at  other  times  carefully  noted. 

Volume  of  Clearance  Space. — The  compression  or  clearance  space  of  the  engine 
was  60  per  cent,  of  the  total  suction  volume  of  the  piston.  This  was  determined— I, 
By  direct  measurement  of  the  internal  dimensions  of  the  cylinder ;  2,  by  filling  the 
cylinder  with  water,  and  thus  measuring  both  the  compression  space  and  volume 
swept  through  by  the  piston. 

Piston  Friction. — The  piston  friction  was  next  calculated,  the  heat  thereby 
generated  affecting  materially  the  heat  balance  of  the  motor.  This  was  done  by 
shutting  off  one  of  the.  two  cylinders,  and  running  it  without  gas  ;  the  rise  in 
temperature  of  the  jacket  water  gave  the  heat  due  to  the  piston  friction.  Seven 
experiments  were  made  on  two  different  days,  and  50  litres  of  circulating  water  used. 
The  trial  varied  from  half  an  hour  to  an  hour  and  a  half,  and  the  rise  in  the  tempera- 
ture of  the  water,  corrected  for  the  heat  of  the  room  (which  was  always  about  3* 
higher  than  that  of  the  water  at  discharge),  varied  from  6**  to  8**.  The  heat  carried 
off  per  cycle  varied  from  0*09  to  0*13  calorie.  The  mean  temperature  of  the  walls 
was  about  3°  below  that  of  the  water  at  discharge.*  The  results,  when  plotted  out, 
showed  that  the  friction  of  the  piston  decreased  with  the  rise  in  temperature  of  the 
walls  for  about  the  same  number  of  revolutions  ;  in  other  words,  the  higher  the  tem- 
perature of  the  walls,  the  less  heat  was  carried  off  by  the  jacket  water,  or  the  less 
friction  was  generafvod.  This  was  clearly  revealed  by  the  experiment  of  the  2lst 
April,  1888,  and  the  piston  friction  was  found  to  depend  not  on  the  speed,  but  on  the 
mean  temperature  of  the  walls.  Thus  with  a  mean  wall  temperature  of  9*4°,  the 
heat  generated  by  the  piston  during  two  revolutions,  or  one  cycle,  was  0*183  calorie, 
with  a  wall  temperature  of  15*6*  it  was  0*17  calorie.  The  speeds  varied  from  97  to 
182  revolutions  per  minute.  These  results  are  worked  out  and  summed  up  in  a  table, 
showing  the  generation  of  heat  by  piston  friction,  with  a  wall  temperature  of  l(f  to 
55°.  Taking  into  account  the  indicated  work,  the  author  arrived  at  the  conclusion 
that  t?ie  lower  ike  watt  tempercUure  the  greater  the  friction.  With  a  temperature  of 
10°,  nearly  one-third  the  indicated  work  was  expended  in  piston  friction ;  it  sank  to 
6*5  per  cent.,  with  a  wall  temperature  of  40°,  corresponding  to  a  temperature  of  the 
water  at  discharge  of  70°.  If  it  were  possible  to  reduce  the  wall  temperature  to  3°, 
the  engine  would  not  be  able  to  overcome  the  frictional  resistance. 

General  Cycle.— Pamphlet  III. — The  amount  of  heat  turned  into  indicated  work 
during  a  complete  cycle  in  a  gas  engine,  is  influenced  by  the  following  factors : — I, 
Heat  value  of  the  gas  ;  2,  piston  speed ;  3,  temperature  of  the  walls  ;  4,  proportion 
in  which  the  gas  is  diluted  with  air,  or  with  neutral  gases  ;  6,  amount  of  compression 
before  ignition.    To  study  a  gas  engine  properly,  each  of  these  five  should  be  sepa- 

*  The  temperature  of  the  cast-iron  cylinder  wall  was  always  taken  as  a  mean  between  the  tem- 
perature of  inlet  aud  outlet  of  jacket  wat-er. 
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rately  varied,  the  others  being  maintained  constant.  The  heat  value  of  the  gas 
having  been  already  considered^  the  next  question  is  the  influence  of  the  piston 
speed.  The  author  found  that  his  experiments  did  not  confirm  the  general  opinion 
that  the  efficiency  increased  with  the  speed.  The  gas  consumption  per  LH.P.  per 
hour,  when  the  engine  was  running  at  87  and  at  180  revolutions  per  minute,  was 
practically  the  same,  the  temperature  of  the  out  jacket  water  varied  only  2"  or  3**. 
The  I.H.P.  was  more  than  one- third  higher  at  the  above  high  speed,  but  the  nega- 
tive work  was  greatly  increased.  '*As  these  results  were  questioned,"  sajrs  the 
author,  '*  I  repeated  my  experiments  in  sets  of  two  together  on  the  same  day,  and 
proved  that,  if  a  motor  is  allowed  to  run  continuously  for  some  time,  and  the  speed 
be  increased,  certain  phenomena  intimately  connected  with  it  make  their  appearance, 
which  not  only  counterbalance  the  favourable  effect  of  the  augmented  speed,  but  act 
prejudicially  in  the  opposite  direction.  These  influences  are  principally  manifested 
by  the  rise  in  temperature  of  the  products  of  combustion,  and  the  increase  of  the 
negative  work,  corresponding  to  the  periods  of  exhaust  and  admission  in  the  gas 
engine.  The  increase  in  negative  work  was  revealed  by  the  indicator  which,  with  a 
weak  spring,  showed  that  the  mean  pressure  corresponding  to  the  negative  work  rose 
from  0*070  kilo,  per  square  centimetre  when  the  engine  was  running  at  92  revolu- 
tions, to  0*242  kilo,  per  square  centimetre  at  191  revolutions.  The  temperature  at 
which  the  products  were  discharged  rose  at  the  same  time  more  than  150°. " 

Two  series  of  experiments  were  undertakea  to  determine  the  influence  of  the 
speed,  and  yielded  results  at  variance  with  those  obtained  by  Professor  Witz.  The 
temperatures  of  the  jacket  water  and  exhaust  gases  were  measured  as  described. 

The  cycle  of  the  gas  engine  was  divided  into — 1,  Admission;  2,  Compression; 
3,  Ignition ;  4,  Expansion  ;  5,  Discharge,  and  each  of  these  periods  was  studied 
experimentally. 

Considering  first  the  admission  period,  the  author  found  that  though  the  propor- 
tion of  air  to  gas  varied  a  little,  the  mean  temperature  of  the  jacket  water,  or  that 
of  the  walls,  rose  slightly,  though  not  in  every  case,  and  the  temperature  of  the 
exhaust  gases  always,  in  almost  exact  proportion  to  the  increase  in  the  speed.  With 
90  revolutions  the  exhaust  temperature  was  400°  C,  and  with  170  revolutions  529°  C. 
The  total  volume  of  the  charge  drawn  in  per  stroke  decreased  with  increase  of  speed; 
with  double  the  revolutions  it  fell  more  than  20  per  cent.  This  proportion  varied 
in  the  different  experiments,  the  difference  being  less,  the  higher  the  speed.  It  was 
clearly  a  result  of  the  available  admission  volume,  which  was  dependent  on  the 
pressures  at  beginning  and  end  of  the  cycle,  and  upon  the  mean  temperatures  at 
these  two  periods.  To  determine  the  pressure  during  admission,  it  was  necessary  t  o 
know  how  far  the  line  of  admission  varied  in  pressure  from  that  of  the  atmosphere. 
This  initial  pressure  was  found  to  increase  in  almost  exact  ratio  to  the  increase  of 
speed,  from  whence  the  author  concluded  that  it  depended  entirely  upon  the  number 
of  revoliUioiui. 

Other  experiments  on  the  back  pressure  of  the  exhaust  gases  showed  that,  at  the 
moment  the  exhaust  valve  closed,  the  pressure  line  rose  slightly,  in  fairly  exact 
proportion  to  the  number  of  revolutions.  It  was  always  higher  with  increase  of 
speed,  varying  from  8  mm.  with  98  revolutions,  to  14  mm.  with  184  revolutions  (scale 
— 29  mm.  =  1  kilo,  per  sq.  cm. ).  Plotting  out  the  values  obtained,  the  author  found 
that,  however  the  conditions  of  discharge  were  varied,  the  pressures  always  rose 
with  the  increase  of  speed,  but  much  more  gradually  after  tlie  engine  had  been 
running  for  an  hour,  and  a  certain  equilibrium  in  working  was  obtained.  Thus 
the  exhaust  as  well  as  the  initial  pressure  depended  entirely  on  the  speed. 

The  temperatures  at  admission  and  discharge  of  the  gases  remained  to  be  con- 
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sidered.  The  first  the  author  had  no  meaDS  of  determining.  The  temperature  of 
the  products  of  combustion  left  in  the  cylinder  is  about  the  same  as  that  determined 
with  the  calorimeter  and  ball,  but  at  the  moment  the  exhaust  valve  opens,  the 
author  verified  a  sudden  momentary  rise  of  2°  or  3**.  Nevertheless  he  assumed  that 
the  mean  temperature  of  the  products  in  the  cylinder,  and  of  the  exhaust  gases,  was 
the  same.  The  temperature  of  the  exhaust  gases  was  higher  in  the  one  set  of  experi- 
ments than  in  the  other,  about  3  per  cent,  absolute  temperature  at  150  revolutions, 
although  the  speed  and  the  volume  of  the  charge  were  the  same,  and  this  was  ex- 
plained by  the  difference  in  pressure,  which  was  14  per  cent.  By  itself  this 
difference  should  have  produced  a  higher  exhaust  temperature ;  but  the  mean 
temperature  of  the  walls  was  on  the  other  hand  5**  lower,  thus  showing  their 
influence  on  the  temperature  of  the  exhaust.  The  temperature  of  the  charge  in 
the  cylinder  at  the  end  of  admission  was  obtained  by  calculation.  Plotted  out  on 
curves,  the  figures  showed  that  this  temperature  also  increased  with  the  speed,  but 
not  much.  With  double  the  number  of  revolutions,  the  increase  was  only  from  106" 
C.  to  128°  C.  The  two  experiments  showed  the  same  variation  of  temperature  as 
before  verified,  about  V  at  equal  speeds  (150  revolutions).  Hence  the  mean  tempera- 
ture of  the  products  left  in  the  cylinder  had  but  a  slight  influence  upon  the  mean 
temperature  of  the  freshly  admitted  charge.  The  author  was  able  to  determine  with 
certainty  that  the  temperature  of  the  charge  at  admission  was  about  100**  higher  than 
that  of  the  cooling  water  at  discharge. 

He  sums  up  these  researches  by  stating  that  the  differences  in  the  volume  of  the 
charge  can  be  explained  only  by  these  differences  of  pressures  and  temperatures, 
which  he  formulates  thus — 

preeaure  at  admisaioo  of  charge         ^  3^  _  ^^^  ^  ^^^_.  ^^ 
abs.  temperature  at  admission  of  charge 

presaiire  at  exhaast        _  22-64  -  0-0238  x  number  of  revoluUons. 
abs.  temperature  at  exhaust 

These  were  the  values  for  the  first  set  of  experiments.  They  differed  in  the  second 
experiments  chiefly  in  respect  to  the  exhaust  temperature  and  pressure,  which,  unlike 
the  admission  pressure  and  temperature,  depended  on  the  mean  waU  temperature  as 
weU  as  the  speed. 

Walls  during  Admission— Speed  Effect. — The  author  next  endeavoured]  to 
determine  the  action  of  the  walls  during  admission,  their  temperature  being  then 
lower  than  that  of  the  gases  in  the  cylinder.  The  difference  between  the  heat  given 
off  by  the  products  in  the  cylinder,  and  that  absorbed  by  the  fresh  charge  passes  into 
the  cooling  water,  and  it  is  necessary  to  know  the  weights  of  the  products,  of  the 
gas,  and  of  the  air  composing  the  charge.  The  weight  of  the  products  he  found  to 
diminish  m  exa^t  ratio  to  the  increase  of  speed,  being  with  90  revolutions  3*21 
grammes,  with  184  revolutions  2*88  grammes.  The  specific  heat  of  the  products 
increases.  On  the  other  hand,  the  heat  carried  off  to  the  cooling  water  during  ad- 
mission increases  greatly  with  the  speed.  In  the  first  set  of  experiments  it  rose 
from  0*08  cal.  to  0'16  cal.,  the  speed  being  doubled,  and  in  the  second  from  0*02  caL 
to  0*10  caL  for  the  same  increase  of  speed,  the  temperature  of  the  walls  in  the  latter 
case  being  about  5°  higher.  *'It  follows,"  says  Dr.  Slaby,  *'that  for  the  heat  given 
off  to  the  walls  the  rise  in  temperature  of  the  products,  increasing  with  the  speed, 
has  a  far  greater  effect  than  the  diminished  time  of  contact  with  the  walls.'' 

Hence  he  deduces  that  the  pressures  and  temperatures  at  admission  and  exhaust 
Are  variable,  and  depend  on  the  speed,  and  the  mean  temperature  of  the  walls. 
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The  admission  pressure  and  temperature  depend  on  the  speed,  and  are  but  slightly 
affected  by  the  temperature  of  the  products  with  which  the  fresh  charge  mingles, 
and  that  of  the  cooling  water.  The  exhaust  temperature  and  pressure  are  greatly 
affected  by  the  walls.  If  no  water  is  allowed  to  collect  in  the  exhaust  pipe,  the 
pressure  of  exhaust  becomes  a  function  of  the  speed,  and  the  proportion  of  pressure 
to  temperature  of  exhaust,  the  wall  temperature  and  dilution  of  the  charge  being 
maintained  constant,  can  be  approximately  calculated  from  the  speed.  Thus 
formulae  are  obtained  for  calculating  the  volume  of  the  charge  admitted  per  stroke, 
the  total  weight  (including  that  of  the  products)  and  quantity  of  heat  given  to  the 
cooling  jacket.  The  author  considers  that  the  greater  the  number  of  revolutions 
the  smaller  the  charge,  and  he  says  further : — **If  the  quantity  of  gas  admitted  is 
smaller  at  high  than  at  low  speeds,  it  will  be  evident  that  the  difference  between 
the  heat  given  off  by  the  products  during  admission,  and  the  heat  taken  up  by  the 
freshly  admitted  charge  must  be  considerably  increased  by  increase  of  speed." 

Indicaton — ^Pamphlet  IV. — The  least  known  part  of  the  gas  engine  cycle  is 
that  comprising  the  ignition  and  expansion  of  the  charge.  There  is  only  one  way 
of  determining  the  connection  between  the  spread  of  the  flame  and  the  cooling 
influence  of  the  walls,  namely,  an  analysis  of  the  indicator  diagram.  The  author, 
therefore,  devotes  the  whole  of  this  pamphlet  to  an  exhaustive  study  of  indicators, 
(Crosby  and  others),  and  a  determination  of  their  limits  of  error.  The  indicators 
chiefly  used  during  the  experiments  were  a  Crosby  and  a  Storchsohnabel. 

Compression. — Pamphlet  Y.  deals  with  compression  in  the  gas  engine.     During 

this  period  the  amount  of  heat  set  in  motion  and  its  direction  should  be  determined. 

The  problem  is  simple,  if  the  compression  curve  be  replaced  by  a  "  poljrtropic  "  * 

curve. 

prf*  =  const. 

The  initial  pressure  having  been  shown  to  depend  entirely  on  the  speed,  the  com- 
pression pressures  must  be  taken  from  the  diagrams.  The  mean  pressures  for 
two  sets  of  experiments  are  given  in  tables,  and  when  plotted  out,  the  abscissaB 
representing  the  number  of  revolutions,  and  the  ordinates  the  pressures  of  com- 
pression in  millimetres  above  atmosphere,  these  compression  pressures  are  shown 
to  follow  a  strict  law,  and  to  decrease  in  proportion  to  the  increase  in  the  speed. 
This  law  the  author  reduces  to  a  formula.  From  the  two  sets  of  experiments  he 
lays  down  the  proposition  that  the  compression  pressure  depends  entirely  upon  the 
speed  of  the  engine,  and  can  be  reckoned  by  a  given  formula.  Desiring  next  to  know 
if  the  compression  curve  agreed  with  the  polytropic  during  its  whole  course,  he 
calculates  the  pressures,  at  half  way  through  the  stroke,  from  all  the  diagrams 
of  the  second  set  of  experiments.  They  were  also  found  to  diminish  with  increase 
of  speed,  though  not  to  the  same  extent  as  the  initial  pressures,  and  thus  the  com- 
pression curve  agreed  with  the  polytropic  throughout  its  course,  and  coidd  be 
accurately  calculated,  the  exponent  being  1'29.  To  prove  its  variation  from  the 
adiabatic,  the  author  reckoned  the  specific  heat  for  both  curves  at  constant  pressure 
and  volume  of  the  mixture  of  gas,  air,  and  products.  It  was  considerably  higher 
for  the  adiabatic  than  for  the  polytropic  curve,  with  which  he  had  proved  the 
compression  curve  to  agree,  and  hence  he  concludes  that  during  compression  there 
is  a  loss  of  heat  to  the  walls.  Other  conditions  being  equal,  this  compression  pressure 
is  a  function  of  the  speed.      Thus  at  100  revolutions,  the  initial  pressure  being 

♦"Polytropic"  is  the  name  given  by  Zeuuer  to  any  curve  which  can  be  represented  by  the 
formula  p  1^  =  constant.  The  isothermal  and  adiabatic  curves  come  under  this  law,  with  different 
exponents,  m ;  the  polytropic  may  be  called  the  generic  curve,  of  which  the  isothermal  and  adiabatic 
are  varying  forms.    For  a  full  explanation  of  the  law,  see  Zeuner,  Thermodynamik,  and  SchOttler. 
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atmospheric,  the  pressure  of  compression  is  3 '50  kilos,  per  square  centimetre ;  at  200 
revolutions  (double  speed)  it  is  3*06  kilos. 

The  mean  temperature  during  compression  increases  with  the  speed.  With 
a  mean  temperature  of  200°  C.  the  specific  heat  of  the  products  of  combustion  is 
11 '5  per  cent,  higher  than  at  0°.  The  mean  rise  is  130**,  the  proportion  between 
the  initial  and  compression  temperatures  remaining  constant  at  1*32.  The  work 
of  compression,  especially  the  increase  in  the  internal  work,  also  depends  upon  the 
speed.  The  change  of  condition  is  accompanied  by  a  carrying  off  of  the  heat,  but 
this  abstraction  of  heat  is  small,  and  slightly  diminishes  with  increase  of  speed. 

Ignition  Period. — The  next  question  considered  is  the  ignition  period.  This 
ban  only  be  studied  by  the  help  of  the  indicator  diagrams  taken  by  the  author  in 
each  experiment.  The  differences  in  the  diagrams  obtained  under  precisely  similar 
conditions  the  author  attributes  to  the  varying  composition  of  the  gas  mixture 
which,  even  if  the  valve  action  is  perfectly  regular,  is  subject  to  uncontrollable 
fluctuations,  due  to  slight  differences  in  the  speed  of  ignition.  It  is  well  known 
from  Mallard  and  Le  Ghatelier's  experiments  that  the  speed  of  ignition  increases 
up  to  a  maximum  with  increasing  richness  in  the  gas  mixture,  but  if  the  proportion 
of  gas  be  still  greater,  it  falls  again.  The  indicator  diagrams  showing  the  effect 
of  a  richer  or  poorer  mixture  give  curves  sinking  regularly  one  below  the  other 
with  the  decrease  in  the  proportion  of  gas  in  the  mixture,  but  do  not  explain  the 
variation  in  the  rounded  shape  of  the  top  of  the  diagram.  The  author  does  not 
attribute  this  to  the  ignition  flame,  but  considers  that  it  is  probably  caused  by 
differences  in  the  local  arrangement  of  the  charge,  and  not  by  fluctuations  in  the 
strength  of  the  mixture,  which  can  hardly  occur  when  the  engine  is  running 
regularly.  The  small,  perfectly  vertical  part  of  the  indicator  diagrams  obtained 
by  him  is  due  to  the  force  of  the  explosion  in  the  ignition  port ;  the  rest  of  the 
line,  deviating  more  or  less  from  the  perpendicular,  represents  the  ignition  of  the 
remainder  of  the  charge.  At  the  top  of  all  diagrams  (taken  with  double  springs) 
he  found  a  distinct  "nick,"  marking  the  point  where  expansion  and  fall  of  pressure 
began.  To  this,  the  point  of  highest  temperature  in  the  cycle,  he  devoted  careful 
study. 

Considering  first  the  temperature  and  pressure  of  compression,  and  of  this 
maximum  point  in  the  diagram,  he  reckons  the  mean  specific  heat  of  the  charge  at 
constant  volume  from  that  at  these  two  points.  The  amount  of  heat  shown  by  the 
diagrams  in  the  area  enclosed  between  the  point  of  highest  compression  and  of 
maximum  temperature  (ignition),  the  atmospheric  line  and  the  corresponding 
ordinate  of  pressure,  is  always  less  than  that  set  free  by  the  combustion  of  the 
gases.  This  difference  in  heat  must  be  accounted  for  in  one  of  three  ways.  Either 
it  is  developed  during  this  period,  in  which  case  it  must  be  entirely  absorbed  by  the 
^^alIs;  or  incomplete  combustion,  " nachbrennen "  takes  place;  or  both  processes 
are  combined.  Analyses  of  the  products  prove  that,  at  some  period  of  the  stroke, 
there  is  perfect  combustion  of  the  whole  gaseous  mixture.  If  the  heat  passes  into 
the  walls,  the  amount  thus  transferred  must  be  in  proportion  to  the  surfaces  in 
contact,  time  of  exposure,  and  difference  of  temperature.  If  '^nachbrennen"  is 
produced,  it  must  depend  on  the  proportional  composition  of  the  charge,  and  on  the 
speed,  and  be  increased  by  poorer  mixtures  and  greater  speeds.  The  figures 
obtained  by  the  author  show,  especially  with  reference  to  the  speed,  that  this  is 
710^  so.  Taking  the  difference  between  the  total  heat  of  the  charge  at  this  point 
of  the  stroke,  and  the  heat  of  combustion  shown  in  the  diagrams,  and  plotting 
them  out,  the  author  finds  the  percentage  of  this  difference  to  be  higher  with  low 
than  with  greater  speeds,  being  8*5  per  cent,  with  179  revolutions,  and  13*2  per 
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cent,  with  100*6  revolutions.  At  150  revolutions  about  10  per  cent,  of  the  total 
heat  disappeared.  As  neither  the  surfaces  nor  the  maximum  temperatures  vary 
much,  the  differences  producing  this  loss  of  heat  must  lie  in  the  time  of  wall 
contact.  If  all  this  heat  passes  into  the  walls,  it  will  be  proportioned  to  the  time 
the  indicator  pencil  takes  to  travel  from  the  compression  to  the  ignition  point,  or 
what  the  author  calls  the  "time  of  ignition."  The  phenomenon  cannot  be  caused 
by  irregularities  in  the  action  of  the  engine,  because  these,  when  tested  for  time 
with  the  usual  tuning-fork  apparatus,  were  found  to  be  less  than  ^  per  cent.  ;  the 
speed  was  therefore  constant. 

The  author  proceeds  to  find  the  angle  through  which  the  crank  passes  during 
this  period,  and  expresses  in  a  formula  the  proportion  between  the  distance  passed 
through,  and  the  angle  of  crank  revolution.  By  these  means  he  was  able  to 
determine  the  time  occupied  in  traversing  the  distance,  in  proportion  to  the  speed, 
which,  when  plotted  out,  showed  that  the  shorter  the  time  the  less  heat  disappeared. 
The  increase  in  the  heat  lost  was  proportioned  to  the  duration  of  combustion. 
Hence  the  author  assumes  that,  at  the  point  of  highest  teinperature  comhuniion  is 
etided,  and  the  heat  not  ahoum  in  tlie  diagrams  has  wholly  passed  into  the  lodUs, 

Speed  of  Ignition. — Having  thus  arrived  at  the  time  of  ignition,  the  author 
was  able  to  determine  approximately  the  speed  of  ignition.      By  calculation  and 
measuring  the  diagram,  he  reckoned  the  total  length  of  the  ignition  channel  in 
proportion  to  the  length  of  stroke,  and  was  thus  able  to  express  the  ignition  speed 
in  a  formula.     This  speed  of  ignition  was  nearly  doubled  with  twice  the  number  of 
revolutions,  being  for  100  revolutions  2*6  metres  per  second,  and  for  180  revolutions 
4*5  metres.    These  figures  agree  with  Mallard  and  Le  Chatelier,  who  found  that  the 
speed  of  ignition  increased  greatly  when  the  gas  was  in  a  state  of  violent  motion, 
and  attributed  the  phenomenon  not  only  to  conduction,  but  to  differences  of  speed 
in  the  component  parts  of  the  gas.     As  the  charge  in  a  gas  engine  must  be  in  violent 
motion  during  ignition,  combustion  is  really  complete  at  the  point  of  maximum 
temperature,  between  ignition  and  expansion.     Thus  there  is  a  sudden  explosion 
And  rise  in  pressure  at  first,  then  a  powerful  flame  darts  into  the  cylinder,  and  with 
a  smaller  speed  of  propagation  ignites  the  whole  charge.     This  speed  of  propagation 
is  affected  by — Composition  of  the  mixture ;  speed  of  the  engine  (shown  in  the  more 
rapid  motion  produced  in  the  cylinder) ;   the  particular  local  stratification  of  the 
gaseous  mass,  whether  homogeneous  or  otherwise.     Combustion  is  completely  ended 
in  from  0*03  to  0*06  second,  corresponding  to  the  maximum  mean  temperature,  after 
which  expansion,  without  addition  of  heat,  takes  place.     No  dissociation  is  possible, 
since  the  maximum  temperature  is  never  above  1,600°  C.     During  combustion  the 
flame  certainly  comes  in  contact  with  the  walls,  and  transfers  to  them  some  of  its 
heat.     But  this  is  only  from  8  to  13  per  cent,  of  the  total  heat,  and  therefore, 
considering  the  difference  between  the  heat  conductivity  of  the  metal  and  that  of 
the  products  of  combustion,  we  may  conclude  that  this  contact  does  not  last  long. 
The  process  of  combustion  chiefly  takes  place  in  the  kernel  of  the  charge,  surrounded 
by  neutral  gases.     The  author  therefore  is  of  Otto's  opinion,  and  considers  that  the 
composition  of  the  centre  of  the  charge  not  being  homogeneous,  a  more  favourable 
economic  effect  is  produced. 

ICxpansion  Period. — Pamphlet  VI.  treats  of  the  period  of  expansion.  The 
author  calculates  the  heat  lost  to  the  walls  during  this  period  from  the  difference 
between  the  area  of  work  in  the  diagram,  and  the  total  heat  of  the  gaseous  mass. 
The  expansion  curve  he  divides  into  sections,  and  traces  polytropic  curves  from  one 
ordinate  of  pressure  to  the  next.  The  exponent,  already  given,  is  governed  by  the 
speed.     The  values  thus  obtained  are  plotted  out,  and  when  compared  with  true 
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adiabatic  curves,  the  author  found  that  during  expansion  there  is  a  cotUinvons 
carrying  off  of  a  large  amount  of  heat  to  the  toaUs,  the  temperature  falling  at  fir$t, 
and  then  rising.  This  is  explained  by  the  combined  influence  of  the  decreasing 
temperature  and  increasing  wall  surface  exposed.  At  the  beginning  of  expansion, 
the  quantity  of  heat  carried  off  is  determined  by  the  temperature,  at  the  end  of 
expansion  by  the  cooling  wall  surface.  It  is  only  at  a  tfpeed  of  400  revolutions  per 
minute  that  the  expansion  curve  approximates  to  the  adiabatic. 

Considering  next  the  fact,  shown  already  to  be  probable,  that  during  expansion 
no  increase  of  heat  is  produced  by  internal  heating,  the  heat  parted  with  externally 
must  be  at  the  expense  of  the  internal  energy  of  the  gas.  This  can  be  calculated 
from  the  temperatures  and  the  corresponding  specific  heats  at  constant  volume. 
The  difference  between  this  internal  energy  and  the  external  work  done  shows  the 
amount  of  heat  imparted  to  the  walls.  These  three  quantities  can  be  expressed 
either  as  heat  or  as  work.  As  work  they  may  be  measured  on  the  indicator  diagram 
as  functions  of  the  lengths  of  stroke,  and  represent  the  divisions  of  heat.  The  two 
quantities  of  internal  and  external  heat  are  reckoned  for  any  given  portion  of  the 
stroke,  converted  into  units  of  work,  and  divided  by  the  volume  passed  through  by 
the  piston.  Plotted  out,  they  show  that  the  abstraction  of  heat  by  the  walls  follows 
a  regular  course.  At  first  the  walls  are  relatively  very  cool,  and  the  temperature  of 
explosion  very  high.  As  the  wall  temperature  rises,  less  heat  is  abstracted,  and  at 
the  end  of  combustion  a  minimum  is  reached.  The  heat  curve  now  rises,  because 
the  cooling  surfaces  are  increased  by  the  out  stroke,  but  about  the  middle  of  the 
stroke  another  fall  is  produced  by  the  increased  piston  speed.  It  again  rises  at  the 
end  of  the  stroke,  as  the  speed  is  reduced.  These  curves  show  only  the  amount  of 
heat  actually  abstracted,  and  do  not  enable  us  to  verify  the  progress  of  combustion, 
and  whether  part  of  the  heat  carried  off  is  developed  by  '*nachbrennen."  They 
reveal,  however^  that  the  heat  parted  with  to  the  jacket  during  expansion,  is 
inversely  as  the  speed.     The  higher  the  speed,  the  less  heat  is  carried  off. 

Exhaust  Period. — This  may  be  divided  into  two  parts.  During  the  first, 
occupying  the  last  tenth  of  the  forward  stroke,  a  portion  of  the  gases  escape, 
carrpng  off  part  of  the  total  energy  of  the  charge,  in  the  shape  of  **/orce  ni%," 
or  ** energy  of  exhaust"  (as  Zeuner  calls  it).  The  remainder  of  the  gases  are 
discharged  at  lower  speed  during  the  return  stroke.  The  author  endeavours  to 
determine  the  heat  value  of  this  *' energy  of  exhaust"  from  the  heat  balance  of  the 
engine.  The  heat  received  is  the  heat  set  free  by  the  combustion  of  the  lighting 
gas.  The  heat  going  out  is  divided  into — 1,  Indicated  work,  both  positive  and 
negative,  measured  from  the  area  of  the  diagrams,  and  reduced  to  calories.  2,  Heat 
passing  into  the  walls  and  carried  off  into  the  cooling  water,  less  the  heat  absorbed 
in  piston  friction.  The  latter  heat  value  is  calculated,  as  before  stated,  from  the 
rise  in  temperature  of  t£ie  jacket  water  and  the  quantity  used,  which  was  always 
200  litres ;  the  time  of  passing  this  quantity  through  the  jacket  varied  from 
fourteen  to  twenty  minutes.  3,  The  appreciable  heat  carried  off  in  the  products 
of  combustion.  The  weight  of  the  products  is  known,  being  the  same  as  the  weight 
of  gas  and  air  admitted  per  stroke.  Their  mean  temperature  is  calculated  from  the 
weight  of  the  gas  and  air,  plus  their  specific  heat  at  constant  pressure,  and  the 
difference  between  the  temperatures  at  admission  and  exhaust.  The  values  obtained 
are  shown  in  a  table.  4,  Heat  value  of  the  work  of  resistance  during  exhaust. 
This  is  reckoned  from  the  difference  in  volume,  namely,  tlie  increase  during  the 
time  from  the  opening  of  the  exhaust  valve  to  the  end  of  the  stroke  (about  one-tenth 
of  stroke),  and  is  distinct  from  the  heat  value  of  the  return  or  exhaust  stroke. 
5,  The  **energ}'  of  exhaust,"  or  the  momentum  of  the  products  at  the  beginning  of 
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exhaust,  shown  by  the  difference  between  the  pressure  at  the  opening  of  the  exhaust 
valve  and  the  constant  back  pressure  during  the  return  exhaust  stroke.  This 
difference  is  plotted  on  a  curve. 

The  variations  shown  are  referred  by  the  author  to  the  accumulated  action  of 
the  walls.  Time  is  necessary,  that  the  metal  may  reach  a  state  of  thermal 
equilibrium.  At  the  beginning  of  an  experiment  the  walls  are  still  affected  by  the 
preceding  trial,  and  contain  more  or  less  heat,  according  to  the  previous  speed  of 
the  engine.  In  this  way  the  author  determines  the  heat  accumulated  in  the  walls, 
that  taken  up  by  them,  but  not  carried  off  in  the  cooling  jacket,  and  that  withdrawn 
from  the  walls,  but  not  from  the  cycle.  The  values  obtained  for  this  ''energy  of 
exhaust"  give  the  mean  speed  of  the  gases  during  the  last  tenth  of  the  forward 
stroke,  reckoned  from  their  weight,  as  compared  with  the  total  weight  of  the 
products  during  exhaust.    The  speed  depends  on  the  mean  speed  of  the  engine. 

Lastly,  the  total  heat  discharged  from  the  beginning  of  exhaust  to  the  admission 
of  the  fresh  charge  is  reckoned,  and  the  difference  between  it  and  the  heat  of  the 
products  remaining  in  the  cylinder.  It  represents  an  energy  transformed  into — 
I.  Energy  of  discharge;  11.  Back  pressure  negative  work;  III.  Work  of  exhaust; 
and  rV.  Energy  carried  off  in  the  water.  The  author  concludes  that,  in  the 
escaping  gases  and  the  products  remaining  in  the  cylinder,  there  is  a  certain  amount 
of  energy  or  work  represented  by  their  temperature.  The  difference  between  this 
temperature  and  that  at  the  closing  of  the  exhaust  valve  represents  a  loss  of  energy 
carried  off  during  exhaust  into  the  atmosphere,  or  to  the  walls.  There  is  a 
perceptible  increase  in  this  heat  parted  with  to  the  walls,  with  increase  of  speed 
in  the  engine. 
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APPENDIX    D. 


USEFUL  CONSTANTS  FOR  THE  CONVERSION  OF  MEASURES  OF 

LENGTHS,  VOLUMES,  PRESSURES,  HORSE-POWER, 

HEAT,  TEMPERATURES,  &c. 


Length,   • 


Area,  .     . 


Volume,  . 


Pressure, .     . 

Weight,  .     . 
Horse-power, 


Heat,  .     .     . 


Temperature, 


English. 


inch,  .... 
foot  =  12  inches, 
mile=1760  yds.  =5820 
ft.,     ...        . 

1  square  foot, 

'  1  cubic  foot,  . 

1  gall.  =  277-274  cub.  in.  ' 
=0-16  cub.  ft.  =10  lbs. 
water  at  62" F.,. 

1  cub.  foot  of  water  =  ' 
6-23  galls.  =  62-35  lbs. 
at62^F.,    . 


{ 


1  lb.  per  sq.  inch, . 
1  lb.  per  sq.  foot,  . 
1  inch  of  water. 


{ 


1  lb.,     .        .        . 

1  English  H.P.  =33,000  ^ 
ft.  -lbs.  per  minute,     .  J 


Metric. 


r  1  British  T.  U.  =  1   lb.  ^ 
water  raised  1*  F.,     .  / 

1  British  T.U.,  per  lb.,. 
1  do.       per  cub.  ft.. 

Heat  equivalent  of  1  Eng-  "n 
cUshH.P.  =33,000  ft.- 
Ibs.  divided  by  Joule's 
equivalent  for  1  T.U.,  y 

778ft.-lbs.  =  ?^= 

42-4  B.T.U.  per  min.,j 


=  0'0254  metre  =  25*4  miilimetres. 
=  0-3048  metre. 

=  1609-7  metres  «=  1*61  kilometre. 

=  0*0929  square  metre. 

=  0*0283  cub.  metre  =  2  83  litres. 

=  4-537  litres. 


=  28-375  litres  =  0*0283  cub.  metre. 


=  0*0703  kilo,  per  sq.  centimetre. 
=  4 '883  kilogrammes  per  sq.  metre. 
=  2-54  centimetres  of  water  =  0*187 
centimetres  of  mercury. 

=  0*4536  kilogramme. 

=  1*014  metric  horse-power. 


=  0*252  calorie. 

=  0-556  calorie  per  kilogramme. 
=  8*9  calories  per  cub.  metre. 


=  10'68  calories  per  minute. 


{To  obtain  degrees  Centicrade  deduct  32  from  the  degrees  Fah- 
renheit, then  multiply  by  5  and  divide  by  9. 
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USEFUL  CONSTANTS  FOR  THE  CONVERSION  OF  MEASURES  OF 

LENGTHS,  VOLUMES,  PRESSURES,  HORSE-POWER, 

HEAT,  TEMPERATURES,  Ac. 


MeasnraiL 


Length,   . 


Area,  . 


Volume,  • 


Fjreisiire,. 


Heat,  . 


Metric 


English. 


{ 


{ 

f 


1  metre  =  1000  millimetres, 
1  kilometre=  1000  metres, 

1  square  metre, 

1  cub.  metre = 1000  litreel 
=  lOOOkilogs.  of  water,  / 
1  litre,  .... 


1  atmosphere = 1  kilogrm.  ^ 
per  sq.  centimetre,     .  / 
i  k  ilogramme  per  sq.  metre, 
1  centimetre  of  mercury. 


Horse-power, 


Weight,  .     . 


Temperatmre, 


f  1  calorie = 1  kilogramme  ^ 
water  raised  1 C, 
1   calorie  =  427  kilo- 
gramme metres, 

1  calorie  per  kilogrm.,  . 
1  calorie  per  cub.  metre, 

Heat  equiv'alent  of  1  met. 

427 
calories  per  minute,  . 


r  1  metric  H.P.  =  75  kilo-  ^ 
-I  gramme  metres  per  \ 
y     second,       .        .        .J 


{ 


1  kilogramme  =  1  litre  \ 
of  water  at  4'C.,        .  / 


=  39-378  inches  =  3*28  feet. 
=  3280  feet  =  0021  mile. 

=  10*764  square  feet. 

=  35-315  cub.  feet  =  220  galls. 

=  00353  cub.  foot  =  0*22  galL  ~  61 
cub.  inches. 

=  14-22  lbs.  per  sq.  inch  =  2050  lbs. 

per  sq.  foot. 
=  0-205  lb.  per  sq.  foot. 
=  5-35  inches  of  water  =  0*193  lb. 

per  sq.  inch. 

=  3*986  British  thermal  units. 


1*8  do.  do.      per  lb. 

0*112       do.  do.      per  cub  ft. 


=  41 '8  Thermal  units  per  minute. 


=  0*986  English  horse-power. 


=r  2-204  lbs. 


{To  obtain  degrees  Fahrenheit  from  degrees  Centigrade,  multiply 
by  1*8  and  add  32. 
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APPENDIX    K 


Notes  fob  Blank  Shekts  fob  Tbst9  os  Gas  ob  Oil  Enginis. 

It  is  important  in  reporting  the  results  of  such  tests  that  they  should  be  given  in 
the  same  order  and  sequence,  so  that  comparisons  may  readily  be  made.  In  such 
reports  all  facts  and  data  relating  to  the  engine  tested  shoidd  come  first,  and  Sheet  1 
be  filled  in.  The  residts  of  the  tests  only  should  be  entered  on  Sheet  2.  Any  con- 
clusions or  other  information  may  be  added.  The  data  should  always  be  filled  in  as 
far  as  possible,  and  in  the  order  indicated. 

It  is  important  that  the  heating  value  of  the  gas  or  oil  should  be  given.  A  simple 
statement  of  so  many  cubic  feet  of  gas  or  lbs.  of  oil  used  per  B.H.P.  per  hour  is  mis- 
leading and  useless. 

When  the  heating  value  is  known,  the  thermal  efficiency  per  B.H.P.  can  be 
calculated,  and  this  is  the  best  figure  of  merit  for  comparing  gas  and  oil  engine 
results.  It  is  now  usually  adopted  in  Germany,  France,  England,  and  other 
countries. 

When  the  thermal  efficiency  is  known,  the  results  of  any  gas  or  oil  engine  can  be 
compared  with  others  or  with  any  steam  engine,  and  these  three  classes  of  heat 
motors  can  thus  be  compared  on  a  sound  basis.  If  the  thermal  units  are  converted 
into  their  money  value  in  the  particular  locality  of  the  test,  the  three  heat  motors 
can  be  compared  for  cost  per  B.H.P.  per  hour.  Any  remarks  by  the  chief  experi- 
menter as  to  the  running  of  the  engine,  smell,  noise,  heated  bearings,  &c.,  should  be 
added  on  Sheet  2.  The  best  guarantee  as  between  buyers  and  sellers  of  gas  and  oil 
engines  is  the  heat  efficiency  per  B.H.P.,  and  the  mechanical  efficiency. 

Heat  Efficiency, — So  much  heat  is  given  to  a  motor  in  the  shape  of  gas  or  oil, 
and  so  much  heat  is  obtained  on  the  brake  (Joule's  heat  equivalent  for  power).  The 
heat  efficiency  per  B.H.P.  is  the  ratio  per  cent,  of  the  latter  to  the  former. 
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Blank  Shxbts  roB  a  Gas  ob  Oil  Enoinx  Test,  Enoins  Rated  at 

Sheet  Ko.  I.— Facts  and  Data  only  on  thia  Shut, 


RH.P. 


1 
2 
3 
4 
6 

6 

7 
8 

9 
10 
11 
12 
13 
14 
15 


16 
17 
18 

19 
20 
21 
22 
23 
24 

25 

26 
27 

28 

29 
30 
31 

32 
33 


Date  of  test  and  name  of  town,  &c., 

Teat  No., 

Name  of  chief  experimenter, 

Name  of  motor,  maker,  and  type,     .        .        .        . 
Kind  of  work  on  during  test,  and  whether  driven 

direct  or  otherwise, 

Object  of  test,  .        .        •. 

Were  all  the  conditions  kept  constant  ?    . 
Principle  of  governing  ?    Catting  out  explosions  or 

throttling  charge  or  otherwise,      .... 
Cylinder,  horizontal  or  vertical.     No.  of  cranks, 
Diameter  of  cylinder,  one  or  more,   .... 

Lenffth  of  stroke, 

Single  or  double-acting  engine,  .... 

Four-cycle  or  otherwise, 

Clearance  volume,  if  known,     .        .        .        ... 

Water  for  cooling  cylinder  jacket.     To  barrel  and 

bottom  cover  or  otherwise.    How  was  quantity 

measured? 

Type  and  No.  of  valves  and  metal  used  for  them, 
Type  and  No.  of  piston  rings  and  metal  used,  . 
Add  tracing  of  indicator  £agram  nearest  to  mean 

and  scale, 

Name  of  indicator  used  in  the  test,  . 

Type  of  brake  used,  rope,  or  other,  . 

No.  and  diameter  of  flywheels. 

Ignition,  electric,  tube,  or  other  kind. 

Scavenger  air  stroke  or  not, 

Heatinff  value  of  gas  or  oil.     How  determined,  and 

by  whom  ? 

Engine  without  any  load  on.    Was  engine  indicated 

thus  ?    If  so,  add  copy  of  diagram  and  scale, 
How  was  gas  or  oil  measured  ?  . 
Were  the  different  tests  made  at  different  loads,  full 

and  half  ? 

Were  the  governing  qualities  of  the  engine  tested 

for  sudden  variations  of  load  ?    If  so,  luid  results. 
How  was  temperature  of  exhaust  sases  taken  ? 
Heat  balance  in  percentage,  add  if  calculated. 
Duration  of  motor  stroke  in  seconds  at  nominal 

speeci,    ......... 

Cost  of  gas  or  oil  on  the  spot 

Add  any  additional  facts, 


19 
No. 


inches, 
inches. 


cubic  feet. 


Signed  and  Dated  by  Chief  Experimenter. 
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Blank  Sheets  fob  a  Gas  ob  Oil  Engine  Test — Results  of  Expebiment. 

Sheet  No.  2.—Iiewlts  only  on  this  Sheet,* 


Line 
No. 


1 
2 
3 

4 


6 

7 
8 
9 

10 
11 

12 
13 

14 
15 

16 

17 
18 
19 

20 
21 
22 


23 
24 

25 

26 

27 


•28 
29 
30 
31 
32 
33 

34 
35 
36 


Ptfticulars. 


Date  of  test,  19    — Barometer, 

X  es  u  r^  o*  ,•        >  •        •        •        •        ■ 

Duration  of  test, 

Name  of  gas  or  oil  used  in  test,  and  specific 

gravity  of  oil, 

Condition  of  test,  full  or  half  power. 

Mean  revolutions  from  counter  on  crank  shaft. 
Piston  speed  in  feet  per  minute. 
No.  of  explosions  per  minute  by  counter, . 
Maximum  pressure  (absolute)  from  the  mean 

diagram 

Calcuhirted  temperature  of  maximum  pressure, . 
Exhaust    pressure  (absolute)  from    the  mean 

diagram,         ....... 

Calculated  temperature  of  exhaust  pressure,     . 
Range  of  temperature  in  cylinder  during  the 

explosion  stroke.     Line  10  minus  Line  12,     . 
Compression  pressure  from  mean  diagram. 
Compression  temperature  due  to  compression 

pressure, 

Indicated    H.P.    from    diagrams.      Mean    of 

diagrams,        .         .         ..... 

Brake  H.P. ,       ....... 

Mechanical  efficiency.     =r-. — , 

Gas  or  oil  used  per  hour,  including  lamp  or 
burner.  If  gas,  add  temperature  and 
pressure, 

Gas  or  oil  used  per  I. H.P.  per  hour,  including 
lamp  or  burner 

Gas  or  oil  used  per  B.H.P.  per  hour,  Including 
lamp  or  burner, 

Heating  value  of  gas  or  oil  used  in  the  test  at  a 
certain  temperature  and  pressure.  T.U.  per 
cubic  foot  gas  or  T.U.  per  lb.  oil,  . 

T.U.  per  I.  H.P.  per  minute  in  gas  or  oil  used, . 

T.U.  per  B.H.P.  per  minute  in  gas  or  oil  used. 

Heat  efficiency  of  engine  per  B.H.P.  -^? — '^', 

Cooling  Jacket.     Quantity  used  per  hour, 
Cooling  Jacket.      Temperature  out  F.  ; 

temperature  in  F.     Difference  or  rise, 

mean  of  observations, 

Temperature  of  gas  as  used  (mean),  . 
Temperature  of  air  used  (mean). 
Pressure  of  gas  used  in  inches  of  water,     . 
Temperature  of  exhaust  gases,  if  taken,    . 
Quantity  of  lubricating  oil  used  per  hour, 
Cost  of  gas  or  oil  per  hour  per  B.H.P.  at  place 

of  test 

If  driving  dynamo,  give  Electric  H.P., 
Power  to  drive  engine  empty  at  same  speed,     . 
Notes  on  noise,  good  running,  hot  bearings,  &c. , 


Headiogs. 


Inches. 

No. 

Hours. 

Name. 

Full   power  or 

otherwise. 
Revs,  per  min. 
Ft.  per  min. 
Expl.  per  min. 

Lbs.  per  sq.  in. 
F.  degrees. 

Lbs.  per  sq.  in. 
F.  degrees. 

F.  degrees. 
Lbs.  per  sq.  in. 

F.  degrees. 

LH.P. 
B.H.P. 


ResttlU. 


Per  cent. 

Cub.  ft.  gas,  or 

lbs.  oil. 
Cub.  ft.  gas,  or 

lbs.  oil. 
Cub.  ft.  gas,  or 

lbs.  oil. 


T.U. 
T.U. 
T.U. 

Per  cent. 

Lbs.  water. 


F.  degrees. 
F.  dejjrrees. 
F.  degrees. 
Inches. 
F.  degrees. 
Lbs. 

Pence. 

E.H.P. 

LH.P. 


Signed  and  Dated  by  Chief  Experimenter. 

*  In  the  best  gas  engine  tests  it  is  now  (1905)  usual  to  add  the  chemical  analysis  of  the  exhaust 
gases,  from  which  the  more  or  less  complete  combustion  in  the  cylinder  can  be  deduced. 
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,,  oil  engine,  443. 

Evaporation  of  oil,  358. 
Exhaust  calorimeter,  Staus,  307. 
„        in  a  gas  engine  cylinder,  9. 
„        valve.  Otto  engine,  83. 
Expansion  curve,  Variations  in,  341. 

„         in  a  gas  engine  cylinder,  9, 306. 
Explosion  in  a  gas  engine  cylinder,  9. 
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Fielding  and  Piatt  gas  engine,  106. 

„  ,,      in    BurstaU's 

experiments, 
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„    gas  producer,  212. 
„    oil  engine,  406. 
Fishing  trawlers.  Duplex  engines  applied 

to,  441,  489. 
Flashing  point  of  oil,  363. 
Flow  of  heat  in  a  gas  engine  cylinder,  347. 
Foos  gas  engine,  423. 
Forest  gas  engjine,  146.^ 
„      oil  engine,  437. 
Formulae  for  efficiencies,  310. 
Forward  gas  engine,  116. 
French  motor  cars,  433. 
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Gas  cMdorimeters,  Berthelot-Mahler,  287. 

„  Junkers,  287. 

Gas  engine,  hase,  6. 

Combustion  in  a,  316. 

cylinder,  6. 

piston,  6. 

Kesearch  Ck)mmittee,  330. 

,,  Fielding    and 

Piatt  engine 
used  in,  109. 
valves,  6. 
Gas  engines,  Acmd,  105. 
Adam,  173. 
Atkinson  (Cycle),  64. 

(Differential),  63. 
Baldwin,  60. 
Bdnki,  186. 

Barsanti  and  Matteucci,  26. 
Bechstein,  184. 
Beck,  56. 
Benz,  175. 

Berlin-Anhaltische,  183. 
Bisschop,  47. 
Borsig,  184. 
Brayton,  49. 
Brouhot,  162. 
Campbell,  111. 
Capitaine,  180. 
Charon,  142. 
Clarke-Chapman,  123. 
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Gas  engines,  Clerk,  62. 

Compagnie    Parisienne    an 

Gaz,  153. 
Compression  in,  98. 
Grossley-Otto,  89. 
Daimler,  176. 
Dingier   Maschinen-Fabrik, 

167. 

Dresdener  gas-motor  (HiUe), 
178. 

Dudbridge,  126. 

Duplex,  163. 

DOrkopp,  177. 

Escher-Wyss,  187. 

Express,  118. 

Fielding  and  Piatt,  106. 

ForwaxS,  116. 

Gardner,  126. 

Globe,  126. 

Gnome  (Oberiirsel),  164»  185. 

Grice,  126. 

Griffin  six-cycle,  67. 
„      (Duplex),  123. 

Guldner,  176. 

Heat  efficiency  of,  304. 

Hugon,  36. 

Ideal,  126. 

Kappel,  178. 

Koerting,  166,  432. 

Langen  and  Wolf,  186. 

Langensiepen,  186. 

Lenoir  (original  type),  29. 
,,      (second  type),  140. 

Letombe,  149. 

Ltttzky,  179. 

Martini,  187. 

Midland,  117. 

National,  119. 

Newton,  126. 

Niel,  146. 

Nuremberg,  165. 

Oechelhaueser,  168. 

Original  Otto,  76. 

Otto  and  Langen,  42. 

Premier,  109. 

Principles    of    construction 
of,  1. 

Robey,  118. 

Roots,  126. 

Schweizerische    Maschinen- 
Fabrik,  186. 

Simon,  60. 

Simplex,  129. 

Soest,  167. 

Sombart,  180. 

Stockport,  103. 

Tangye,  100. 

Tramways  driven  by,  484. 

Trusty,  118. 

^rpes  of,  311. 

Vogt,  127. 

Wall  action  in  cylinders  of, 
339. 
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Qas  engines,  Waterworks  driven  byj  481 .  r 
Weetinghouae,  112. 
worked  with  brown  ooal  gas, 

264. 
coke-oven  gases, 

264. 
Rich^  gas,  237. 
Gaseous  fuel,  188. 
Gas  power  compared  with  steam  power, 

303. 
Gas  producers,  100. 

Bonier,  152. 
Bischof,  196. 
Croesley,  212. 
Deutz,  230. 
DowBon,  203. 
Duff,  215. 

Fielding  and  Piatt,  212. 
Kirkham,  196. 
Koertins,  232. 
Lencauohez,  221. 
Letombe,  230. 
Loomis,  198. 
Lowe,  198. 
Mond,  216. 
National,  212. 
Nuremberg,  233. 
Pascal,  197. 
Pierson,  226. 
Rich^  (wood),  235,  238. 
Siemens,  196. 
Stockport,  212. 
Strong,  198. 
Tangye,  210. 
Taylor,  223. 
Tessi^  du  Motay,  197. 
Thomas  and  Laurent,  196. 
Wilson,  213. 
Gay-Lussac's  law,  267. 
Genty  air  engine,  512. 
German  gas  engines  for  driving  tramways, 

486. 
„  „  for  electric  lighting, 

480. 
Gilles,  47. 

Globe  gas  engine,  126. 
„      oil  engine,  414. 
Gnome  gas  engine  (Oberiirsel),  154,  185. 

„      oil  engine,  440. 
Governing,  Methods  of,  12. 

„  of  modem  gas  engines,  98. 

Governor  in  an  oil  engine,  388. 
Clerk  engine,  55. 
Deutz-Otto  engine,  87. 
Nuremberg  engine,  166. 
Simplex  engine,  134. 
Graham  Harris  on  specific  heat,  272. 
Grand  Rapids  gas  engine,  429. 
Grice  gas  engine,  126. 
Griffin  gas  engine  (six-cycle),  67. 
„  (Duplex),  123. 

oil  engine,  403. 

for  marine  work,  488. 
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Grover,    Experiments    on    products    of 

combustion,  327. 
GfUdner  gas  engine,  175. 
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Habkb,    Experiments    on    products    of 

combustion,  328. 
Hautefeuille,  19. 

Heat  balance  of  gas  engines.  Table  of,  313. 
efficiency  of  gas  engines,  15,  304. 
,,  „   producers,  i238. 

,,  steam  engines,  304. 

in  exhaust  gases,  307. 
of  combustion  of  gases.  Table  of,  295. 
Heathfield,  Natural  sas  at,  190. 
Heating  value  of  coalsas,  299. 
„  gas,  287. 

, ,  gases  (higher  and  lower), 

291,  293. 
,,  Siemens   producer  gas^ 

301. 
High  temperature  of  blast-furnace  gi&ses, 

252. 
Higher  and  lower  heating  value  of  gases, 

291. 
Him's  balance  of  heat,  305. 
History  of  blast-furnace  gases,  254. 
Hock  oil  engine,  375. 
Holden's  oil- burning  apparatus,  364. 
Holland  submarine  torpedo  boat  driven 

by  Otto  engine,  430,  488. 
H6rae,  Blast-furnace  gas  engines  at,  258. 
Homsby  military  traction  engine,399,490. 
,,        oil  engine,  396. 
, ,  , ,         Method  of  vaporising 

oil  in,  398. 
Horse-power,  25. 
Hot-tuoe  ignition  first  used  in  Stockport 

engine,  72. 
Howard  oil  engine,  409. 
Hugon's  gas  engine,  35. 
Humphrey's  trials  of  Mond  gas  plant, 

219. 
Huyghens,  20. 
Hydro-oil  Griffibn  engine,  404,  489. 


Idbal  diagram,  307. 
,,      efficiency,  277. 
,,      gas  en^ne,  126. 
,,      oil  ennne,  416. 
Ignition  cock,  Bamett's,  23. 
„       in  a  gas  engine,  8. 
„        ,,  an  oil  engine,  384. 
,,       point  of  oil,  354. 
„       tube,  8. 

,,  M     in  Otto  engine,  85. 

,,  „     ,,  Stockport  engine,  72. 

Increase  of  specific  heat,  345. 
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Injection  of  water  into  a  cylinder,  337. 
Isherwood,  Experiments  on  petroleum  for 

marine  purposeB,  364. 
iBothermal  curve,  275. 


Jahn  air  engine,  507. 
Jenkin  on  efficiency  of  gas  producers,  238. 
Jenkin's  regenerative  engine,  510. 
Joule's  law  of  the  mechanical  equivalent 

of  heat,  269. 
Junkers'  gas  calorimeter,  289. 
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Kapfel  gas  en^ne,  178. 
„       oil  engine,  452. 
,,       suction  gas  producer,  233. 
Keith  oil  gas  producer,  36S. 
Kirkham  gas  producer,  196. 
Kjelsberg  oil  en^ne,  471. 
Koerting,  Experiments  on  temperature  of 
cylinder  walls,  339. 
gas  engine,  155. 

,,      for  driving  water- 
works, &3. 
„      Trials  of,  162. 
, ,  producer,  232. 
oil  engine,  449. 
two-cycle  gas  engine,  159. 
Kynoch-Forward  oil  engine,  412. 
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Lamp  in  an  oil  engine,  387. 
Lanchester  self-starter,  95. 

,,  ,,  in  Robey  engine, 

119. 
Langen  and  Wolf  gas  engine,  185. 

„       Portrait  of,  44. 
Langensiepen  gas  engine,  185. 
„  oil  engine,  451. 

,,  suction  gas  producer,  234. 

Lang-Hdrbiger  valves  for  blast-furnace 

gas  engines,  252. 
Large  power  engines   for   blast-furnace 

gases,  253,  258. 
Laws  of  gases,  Boyle's,  266. 
,,  Camot's,  274. 

„  Gay-Lussac's,  267. 

Lawson  gas  engine,  431. 
Lebon,  21. 

Lencauchez  gas  producer,  221. 
Lenoir  first  gas  engine,  29. 
oil  engine,  434. 


Lenoir,  Portrait  of,  39. 

„     second  gas  engine,  140. 


Letombe  gas  engine,  149. 
„  „  pr^ucer,  230. 

„        "  Monotriplex"  engine,  151. 
Locomotives,  Qil  and  spirit  engines  ap- 

pUed  to,  490. 
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engines,  137. 
Loomis  ffas  producer,  198. 
Losses  of  heat  in  gas  engine  cylinders,  340. 
Lothammer  carburator,  373. 
Lowe  gas  producer,  198. 
Low  heating  value  of  blast-furnace  gases, 

245. 
Lubrication  in  a  gas  engine  cylinder,  11. 
„  „  the  Otto  engine,  84. 

„  of  modem  gas  engines,  99. 

Liihrig  system  of  propulsion   by  com- 

preraed  gas,  485. 
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gases,  243,  245. 
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flame  propagation,  317. 
Mansfield  oil  gas  producer,  366. 
Martini  gas  engine.  Early  type,  58. 
,,  Later  type,  187. 

Mather  and  Platt^  makers  of  Koerting 

engine,  162. 
Mathot's  explosion  recorder,  325. 
Maximum  theoretical  efficiency,  307. 
Measurements  of  temperature,  Burstall, 

329. 
Meaux,  Trials  of  portable  oil  engines  at, 

491. 
Mechanical  efficiency,  307. 

„  equivalent  of  heat,  Jotde's, 

269. 
Merlin  oil  engine,  438. 
Meyer  carburator,  373. 

„      experiments  on  compression,  333. 
„  DowBon     gas     at 
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on  combustion  of   blast  •  furnace 

gases,  247. 
„    heating  value  of  gases,  293. 
„    increase  of  specinc  heats,  345. 
Trials   of    Borsig  •  Oechelhaueser 
engine,  173. 
Midland  sas  engine,  1 17. 
Mietz  and  Weiss  gas  engine,  428. 
Military  traction  engine,  Homsby,  399, 

490. 
Modem  gas  engines.  Development  of,  96. 
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worked  with,  173. 
Trials  of,  219. 
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Mnrdooh,  Coal  gas  first  distilled  by,  20, 
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Nash  gas  engine,  422. 
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engines  at,  145. 

Natural  fjM,  189. 

Nayler  oil  engine,  417. 

Neuch&tel,  System  of  gas-driven  tram- 
ways at,  485. 

New  Era  gas  engine,  425. 

Newton  gas  en^e,  125. 
„       oil  engme,  417. 

Niel  gas  en^e,  146. 
„    oil  engme,  437. 
,,  ,,         at  Meanx  trials,  438. 

Nobel  oil  engine,  472. 

Norris  and  Henty,  makers  of  Robinson 
air  engine,  503. 
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engines,  262. 

Nuremberg  gas  producer,  233. 
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motives, 490. 
„    Calorific  value  of,  355. 
,,    Composition  of,  351. 
,,    Densities  of,  353. 
„    Distillation  of,  352. 
Oil  engine  cycle,  383. 

governor,  388. 
ignition,  384. 
lamp,  387. 
valves,  384. 
vaporiser,  385. 
Oil  engines,  Adam,  447. 
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B^lnki,  460. 
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Delahaye,  440. 
Deutz-Otto,  454. 
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Escher-Wyss,  443. 
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„         Vosper,  488. 
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Waddell),  414. 
Gnome,  440. 
Griffin,  403. 
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Howard,  409. 
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Kappel,  452. 
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Koerting,  449. 
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Premier,  407. 
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Robey-Saurer,  406. 
Roger,  440. 
Roots,  401. 
Russian,  475. 
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Simplex,  435. 
Spiel,  378. 
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Oil  engines,  Tangye,  408. 
„  Tenting,  436. 

„  TiUBty,  399. 

Oil,  Evaporation  of,  358. 
„    Flasoing  point  of,  353. 
„    gas,  366. 

,,    produoers,   Cowell  and    Kemp- 
Welch,  369. 
,,  ,,  Keith,  368. 

„  „  Mansfield,  366. 

,,    Ignition  point  of,  354. 
„    launches,  Capitaine,  487. 
,,  ,,        Daunler,  487. 

,,    Pressures  of,  358. 
, ,    Prof.  Robinson's  experiments  on,  357. 
„    Utilisation  of,  360,  374. 
„    Vaporisation  of,  375. 
Cfrmesby  Iron  Works,  Blast-furnace    oiA 

engines  at,  257. 
„  Dust  in  gases  at, 

251. 
Olds  gas  engine,  428. 
Otto  and  Langen  gas  engine,  42. 
„   -Crossley  gas  engine,  89. 
„  „  „      scavenging  type, 

93. 
„     dia^am,  308. 

engine,  Deutz  t3rpe,  86. 
„      exhaust  valve,  83. 
,,      Governing  of,  83. 
,,      Hot- tube  Ignition  in  the,  85. 
„      Lubrication  of,  84. 
Original  type,  75. 
Positions  of  crank  and  slide 

valve,  81. 
slide  valve,  78. 
trials,  93. 
engines  for  driving  waterworks,  482. 
,,     gas  en^nes,  American  type,  429. 
,,    Portrait  of,  45. 
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Pacific  gas  engine,  424. 
Palmer         „  429. 

Panhard  and  Levasseur,  makers  of  the 

Daimler  motor  carriage,  493. 
Papin,  20. 

Pascal  eas  producer,  197. 
Petavel,  Experiments  on  explosion  pres- 
sures, 329. 
P^tr^ano  vaporiser,  476. 
Petroleum  as  fuel,  361. 

Cost  of  working  on  Russian 
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on  Russian  railways,  361,  362. 
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engine,  161. 
Portable  oil  engines,  489. 
Power  ^saes,  Table  of,  300. 
Pre-ignition,  337. 

„  Clerk,  Experiments  on,  338. 

Premier  gas  en^ne,  109. 
„       oil  engine,  407. 
Pressures  in  a  gas  engine  cylinder,  Boston 

experiments  on,  324. 
Pressures  of  oil,  3i58. 
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governor,  391. 
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spray  maker,  390. 
trials,  392. 
vaporiser,  391. 
Principles  of  gas  engine  construction,  1. 
Products  of  combustion — 
Experiments  on,  Grover,  327. 
„  Haber,  328. 
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,,        specific  heats,  273. 
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Regulation  of  speed  in  a  gas  engine,  12. 
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„      oil  engine,  440. 
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gas  engine,  125. 
motor  carriage,  494. 
oil  engine,  401. 
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Scotch  oil,  351. 
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Seraing,  Gas  engines  at,  136. 
Siegener   Maschinen  •  Ban   Gesellschaft, 

makers  of  Koerting  engine,  165. 
Siemens,  379. 
Siemens'  gas  producer,  196. 

producer  gas.  Heating  value  of, 

301. 
regenerative  engine,  37,  380. 
Simon  gas  engine,  50. 
Simplex  gas  engine,  129. 

,,  „  governor,  134.. 

„        oil  engine,  &6. 
Sintz  gas  engine,  4S22. 
Slide  valve  first  used  by  Barsanti  and 

Matteucci,  27. 
,,  in  the  Otto  engine,  78. 

SmithiSeld  ffas  engine,  126. 
Society  of  Arts'  trials,  94. 
Soest  gas  engine,  167. 
Sombart  gas  engine,  180. 
Source  of  power  in  gas  engines,  6. 
Specific  heat,  271,  286. 

Increase  of,  345. 
of  gases,  Table  of,  273. 
Ratio  of,  336. 
Speed  of  air  valves  in  blast-fumace  gas 
engines,  253. 
expansion,  Witz's  experiments 
on,  320. 
Spiel  oil  engine,  378. 
Spirit  launch  (Zephyr),  394. 
Springfield  gas  engine,  425. 
Star  gas  engine,  427. 
Starting  a  gas  ennne,  11. 
Steam  engines,  ^at  efficiency  of,  304. 
Stirling,  499. 

cycle,  278. 
first  air  engine,  499. 
Becond  air  engine,  501. 
Stockport  gas  engine,  early  type,  72. 
,,  „         Ignition  tube  in,  72. 

,,  ,,         later  type,  103. 

„        gas  producer,  212. 
Stratification,  342. 
Street,  21. 

Strong  sas  producer,  198. 
Stumpf-Kiedler  valves  for  blast-fumace 

gases,  252. 
Suction  gas  producers,  100,  202. 

Bechstein,  234. 
Crossley,  213. 


)> 


it 


99 


»t 


Suction  gas  producers,  Deutz,  232. 

Dowson,  205. 

Kappel,  233. 

Koerting,  232. 

Langensiepen,  234. 

Nuremberg,  233. 

Oberiirsel,  234. 

Pierson,  228. 

Pintsoh,  235. 

Tangye,  211. 

Taylor,  226. 
Supercompression  in  National  gas  engine, 

119. 
Schweizerische   Maschinen  •  Fabrik    gas 

engine,  186. 
Schweizerische    Maschinen  -  Fabrik    oil 

enjg;ine,  442. 
Swiderski  (Capitaine)  oil  engine,  460. 
Swiss  oil  engines,  441. 
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Tablb  of  heat  balance  of  oas  engines,  313, 
„        heating  value  of  gases,  293. 
,,        power  gases,  300. 

specific  heat  of  gases,  273. 
weight  and  volume  of  coal  gas, 
302. 

Tangye  gas  engine,  early  type,  58. 
„  ,,  later  type,  100. 

„       gas  producer,  210. 
,,       oil  engine,  408. 
Taylor  gas  nnxlucer,  223. 

,,      proaucer  gas  with  Niel  engines, 
149. 
Temperature  of  cylinder  walls,  Koerting, 

Tenting  gas  engine,  145. 
,,        oil  engine,  436. 
Tessi^  du  Motay   system    of   water-gas 

production,  193,  197. 
Theisen  method  of  removing  dust  in  blast- 
fumace  sases,  249. 
Theoretical  cycle  of  heat,  14. 
Theory  of  air  engines,  495. 

,,        Capitaine  engine,  180. 
„        Diesel  engine,  465. 
Thermal  efficiency  of  gas  engines,  343. 

„        units,  271. 
Thomas  and  Laurent  gas  producer,  196. 
Thwaite  gas  plant,  212. 

,,        method    of    removing    dust    in 
blast-fumace  gases,  249. 
Timing  valve  in  gas  engines,  106. 
Tramways  driven  by  gas,  484. 
Transmission  of  energy,  7. 
Tresca's  trials  on  second  Lenoir  engine, 

142. 
Trials  of  Blbaki  engine,  464. 

,,        blast-fumace  gas  engines,  260. 
„        Borsig  engine,  Meyer,  173. 
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Trials  of  Brajrton  and  Simon  gas  engines, 
51. 
Bravton  oil  engine,  378. 
CSayley-Buckett  air  engine,  498. 
Clerk  engine,  55. 
Deutz-Otto  oil  engines,  457. 
Diesel  engine,  469. 
Koerting  engine,  162. 
Otto  engines,  93. 
Pierson  gas  producer,  228. 
portable  alcohol  engines,  Berlin, 
492. 
oil  engines,  Berlin,  491. 
Cambridge, 

492. 
Meaux,491. 
Priestman  oil  engine,  392. 
Rocket  oil  engine,  405. 
Trusty  oil  engine,  401. 
Trials  (Slaby)  on  P^tr^no  vaporiser,  477. 
Trusty  gas  en^ne,  118. 
„      oil  engine,  399. 
Types  of  Diesel  engines,  470. 
gas  engines,  311. 

compressing,  15. 
non-compressing,  15. 
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Ubquhabt  on  petroleum  as  fuel,  361, 362. 
Utilisation  of  blast-fumaoe  gases,  241, 

244,262. 

oU,  349,  374 

the  explosive  force  of  gas,  5. 
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Valvss  in  an  oil  engine,  384. 

„       of  a  gas  engine,  13. 
Vaporisation  of  oil,  375. 
Vaporiser  in  an  oil  engine,  385. 
Variations  in  expansion  curve,  341. 


Varying  pressures  of  blast-furnace  gases, 

248. 
Velocity  of  flame  propagation — 

Bertholot  and  Vieille,  319. 

Bunsen,  317. 

Mallard  and  Le  Chatelier,  317. 
Vogt  gas  engine,  127. 
Voeper  oil  engine  for  marine  w<Mrk,  488. 
Vreeland  gas  engine,  427. 
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Wajll  action  in  gas  engine  cylinders  339, 

346. 
Warren  sas  engine,  429. 
Waste  of  heat,  3. 
Wateir  gas,  192. 

,,         Bunte's  table  of,  191. 

„       .  Dellwik  system,  194. 
Waterworks,  Consumption  in  engines  for 

driving,  484. 

.  „  Gas  engines  for  driving,481. 

Weber  gas  engine,  4&, 
Webster  gas  engine,  423. 
Wenham  air  engine,  505. 
Westinghouse  gas  engine,  112,  421. 

, ,  , ,        for  electric  light- 

ing, 480. 
White  and  Middleton  gas  engine,  423. 
Wilson  gas  producer,  213. 
Wing  gas  engine,  431. 
Wittig  and  Hees,  58. 
Witz,  experiments  on  speed  of  expansion, 

„     on  cooling  action  of  waUs,  344. 

,,     on  heating  value  of  gases,  293. 
Wolferine  gas  en^ne,  426. 
Wright's  gas  engme,  22. 


Zefhtb  spirit  launch,  394. 
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